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PREFACE  TO  THE  FIRST  EDITION. 


Is  preparing  this  manual,  it  has  beea  tie  authors'  object  to 
facilitate  the  teaching  of  chemistry  bj-  the  experimental  and 
inductive  method.  The  hook  will  enable  tte  careful  student  t* 
acquaint  himself  with  tie  main  facts  and  principles  of  chemistry, 
tlirough  the  attentive  use  of  his  own  perceptive  faculties,  by  a 
process  not  unlike  that  by  which  these  facts  and  principles  were 
first  established.  The  authors  believe  that  the  study  of  a  science 
of  observation  ought  to  develop  and  discipline  the  observiag 
faculties,  and  that  such  a  study  fails  of  its  true  end  if  it  become 
a  mere  exercise  of  tte  memory. 

The  minute  instructions,  given  in  the  descriptions  of  experi- 
ments and  printed  in  the  smaller  type,  are  intended  to  enable  the 
student  to  see,  smell,  and  touch  for  himself;  tnese  detailed 
descriptions  are  meant  for  laboratory  use.  In  order  to  mark  as 
clearly  as  possible  the  distinction  between  chemistry  and  chemical 
manipulation,  the  necessary  instructions  on  the  latter  subject 
have  been  put  in  an  Appendix.  In  cases  in  which  it  is  impossible 
for  every  student  to  experiment  for  himself,  tie  authors  hope  that 
this  manual  will  make  it  easy  for  the  teacher,  even  if  he  be  not  a 
professional  chemist,  to  exhibit  to  his  class,  in  a  familiar  and 
inexpensive  manner,  experiments  enough  to  supply  ocular  demon- 
stration of  the  leading  facts  and  generalizations  of  the  science. 
Judging  from  their  own  experience,  the  authors  venture  to  hope 
that  even  professional  chemists  may  find  it  convenient  to  have 
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oiways  at  hand  the  details  of  several  hundred  experiments, 
covering  the  ground  of  an  extensive  course  of  chemical  lectures. 

The  student  of  this  manual  is  supposed  to  he  already  acquainted 
with  the  rudiments  of  physics.  The  chemist  must  often  depend 
upon  physical  properties  for  hia  means  of  cha.raeterizing  the 
numerous  suhstances  with  which  he  deals,  and  he  is  nearly  con- 
cerned with  the  physical  properties  of  gases  and  vapors ;  but 
chemistry  has  now  bo  wide  a  scope  and  so  great  an  importance  as 
to  deserve  to  be  studied  by  itself,  and  not  merely  as  an  appendix 
to  tho  subject  of  molecular  physics. 

Like  all  elementary  text- books,  this  manual  ia  a  mere  compila- 
tion ;  it  embodies  in  a  somewhat  new  form  preiioiisly  ixisting 
statements  of  well-rccogiiized  facts  and  principles  which  have 
become  the  common  stock  of  the  science.  There  is  little  oiiginal 
in  the  book,  escept  its  arraugemcnt  and  method,  m  part,  md  its 
general  tone.  The  authors  have,  of  course,  drawn  largth  frtm 
the  invaluable  compilations  made  by  Gmelin,  Otto,  ind  ^\  ^tts, 
and  they  have  also  availed  themselves  freely  of  the  text-hooka  of 
Stoeckhardt  and  Miller  and  the  writings  of  Hofraann. 

The  hook  is  not  wntten  in  the  interest  of  any  partieular  theory 
or  system  of  notation,  but  is  intended  to  exhibit,  so  far  as  is  pos- 
sible within  the  limits  proper  to  an  elementary  manual,  the  pre:ient 
state  of  the  science. 

The  authors  will  feci  vei^  grateful  to  any  one  who  will  com- 
municate to  them  errors,  detected  in  using  the  book,  or  suggestions 
(or  its  improvement. 

Boston,  June  1867. 
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PREFACE  TO  THE  SECOND  EDITION. 


The  authors  have  thoroughly  revised  this  second  edition  of 
their  manual.  Practical  experieoce  in  iiaing  the  book  with  two 
classes  in  the  laboratory,  the  questions  of  students,  and  the 
Bi^gestions  of  friends  have  enabled  them  to  improve  some  of  the 
detailed  directions  for  experiments,  and  to  make  a  few  other 
changes  and  additions  calculated  to  smooth  difficulties  or  supply 
defects.  Special  pains  have  been  taken  to  make  the  printing  of 
this  edition  as  accurate  as  possible. 
Boston,  December  1867. 
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phates of  oildom.  Chloride  ol  caloinm.  Hypochlorite  of  cnlrium.  .Blpaehing- 
powdcr.  Preparation  of  chlorine  and  oiygen  from  blcaeliing-po"der.  Chlori- 
matry,  Hitrate  of  fflJoiom.  Sulphydrate  of  calcium.  Sulphiteof  calcium.  Me- 
tallio  calsmn.— Strontinm  and  barium.  Peroxide  of  bsHnm.  MaliiDg  oiygen 
Willi  peroiide  of  barinm.    Sfronlinm  sate.    Barium  salts.    Usesof  Btroatiiini 
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and  badDm  Bills.  The  (alcium  group.  Thealkalme  csrtbg.—TieaJ.  Sitngi 
of  load.  BepiTBtion  of  aiver  from  lead.  OiidDS  of  lead.  CorrosiDD  of  li^od 
wdter.  Lesden  wstur-pipea.  Suboiide  of  lead.  Protoiide  of  lead  or  ILIha 
Cupellation.  Peroiide  of  lead.  Bod  Icail  or  minium.  Seaqnioiideoficad.  i 
phideaoflead.    Chloride  of  lead.    Sngnr  of  lead,    Wbito  lead.  Silicate  oi  leai 

Chap.  XXIX.  -~  MagneBium— Zinc— Cadmium.  Uctallia  msgneBi 
Oiide  cfmagneBium.  Calcined  me gnesia.  Hydraulic  megneaia.  Chloridi 
magnfaium.  Sulphate  of  magneaium  or  Epsom  salts.  Carbonate  of  magnesi 
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Chap.  XXX aiuminmn- Qlneinmn— Chromium- Manganese— Iron- 

Cobalt— Nickel -DTaninm.  Metallic  alumlDura.  Alloys  of  aluminum.  Alumi- 
num  hrooie.    Alomio  weight  of  aluminum.    Oxide  of  aluminum.    Hjdrale  of 

Sulphate  of  aluminum.  Alum.  Acetate  of  alnminum.  Silicates  of  aluminum. 
Clay.  Eaitheoware.  bricks,  sod  pottery,  aiaies.  Hydraulic  cement,  Conurele.— 
Glucinum,— Chromium.  Oiidea  of  chromium.  Chlorides  of  chromium.  Sul- 
phate of  ahromium.  Chromicaeid.  Chromates.  Fhotolithograpby.— Manganess. 
Protolidc  of  mangauess.  BeBquioIide  of  manganese.  Alums.  Binojide  (if 
ZDHP^DeBe.  Manganic  afad.  Manganates.  Cbameleon  mineral.  Fermaoganid 
ai^d.  Permanganate  of  potaasium.— Iron.  Ores  t^  iron.  Extraction  of  iron. 
Tbe  bloomary  process.  The  blast  iUruace.  fluiei.  Cast  iron.  Impurities  of 
iron.  Wrought  iron.  Ths  puddUng  process.  SleeL  The  BeBscmer  prooesB. 
Protoxide  of  iron  or  ferrous  OTJde.  Sesquioxldc  of  iron  or  ferrie  oxide.  OiidatioD 
by  iroB-ruBt     Ferric  hydrate    Bnlphido  of  iron.     Iron  pyritea.     CTliorides  of 
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Chap.  XXXIV.— Gold.  Ittnidediffinion,  It< Llhyaiovl propertii 
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EMENDATIONS  TO  BE  MADE  IN  THE  TEXT. 
P(^  2,  line  25.     Sti-ike  out  the  words  "  both  copper  and  sulphar 
liave  disappeared,"  and  insert  the  words,  "  it  suddenly  glows  vividly, 
at  the  instant  when  the  copper  and  sulphur  combine." 

Page  16,  line  1 1 .  Insert  after  the  word  "  air,"  the  words  "  See  Ap- 
pendix, Fig.  XVII." 

Page  61,  line  3  from  foot.  Add  the  words  "  See  Appendix,  §  17," 
Page  173,  Exp.  94.  Instead  of  the  first  sentence  (three  and  a  half 
lines)  substitute  the  following:  "Mix  75  or  100  grms.  of  flowers  of 
sulphur  and  an  equal  weight  of  slaked  lime.  Heat  half  a  litre  of 
water  in  a  capacious  flask,  until  it  boils  vigorously.  Pour  the  mixture 
of  lime  and  sulphur  into  the  water,  little  by  little,  slowly  enough  not 
cheek  the  boiling.  The  movement  of  ebullition  prevents  the  solid 
maCler  from  becoming  impacted  upon  the  flask." 

Page  255,  line  23.  Strike  out  the  words  "  consists  of"  and  insert 
"  may  be  made  by  folding  a  circular  piece  of  parchment  paper  into  the 
form  of  a  cone,  like  the  filter  represented  in  Pig.  XX.  of  the  Appendix, 
and  cementing  the  upper  edges  of  the  paper  with  a  drop  of  a  thick 
solution  of  shellac  in  alcohol.  When  nearly  filled  with  the  liquid  to  be 
dialyzed  and  placed  in  a  tumbler  of  water,  the  cone  floats  upright 
and  presents  a  large  surface  for  the  diffusion  of  the  liquids.  A  more 
elaborate  form  of  dialyzer  may  be  made  with  " 

Page  267,  line  6  from  foot.  Between  the  words  "  the  "  and  "  glob- 
ule," insert  the  words  "space  about." 

Page  267,  line  12  from  foot.  Strike  out  the  words  "  Chapter  XX," 
and  insert  "  g  431  and  Exp.  220." 

Page  239,  line  1.     After  the  word  "lamp,"  insert  "  see  Exp.  193." 
Page  315,  line  17.     For  "  potassium,"  read  "  sodium." 
Page  397,  line  4.     Insert  after  "  sodium,"  the  words  "  in  bleaching," 
Page  498,  lines   12   and   13   from   foot.     Instead  of  "  SbO,  "  and 
SbSj  "  read  "SbjO,"  and"  SfajS,." 

Page  518,  line  20.     Strike  out  the  words  "  is  still,"  and  insert  "  was 
until  lately." 
Page  518,  line  21.     Strike  out  the  words  "  in  Europe." 
Page  618,  line  22.     Strike  out  the  word  "  there." 
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XVI  EMENDATIONS. 

Page  518,  line  25.  Insert  after  "  clay,"  the  words  "  or  by  passing 
ammonia  gas  into  a  mixture  of  dilute  sulphuric  acid   and   roasted 

Page  554,  line  1 7  from  foot.  After  "  iron,"  insert  the  words  "  con- 
taining a  small  percentage  of  sulphur." 

Page  554,  line  16  from  foot.  Insert  after  "  formulated,"  the  word 
"  approximately." 

Page  590,  line  16.  Instead  of  "AuO"  and  "  AuOj,"  read 
"  AujO  "  and  "  AujOj." 

Appendix,  page  xiil.,  line  10.  After  the  word  "  motion,"  insert 
"  (6)  The  tube  should  always  be  thrust  completely  through  thecort, 
ao  that  it  may  project  a  centimetre  beyond  the  lower  end  of  the  cork." 


ADDITIONAL  EMENDATIONS. 

Page  221,  line  3  of  Exp.  116.  After  "No.  2  "  insert  "about  25  C.  M. 
long." 

;e291,  line  2  of  Exp.  147.    After  "powder"  read  "Hold  a  pane  of 
li  before  the  eyes  and  stir  the  mixed  powders  into  14  grma.," 

Page  361,  line  9  from  foot.  For  "needed"  read  "theoretically  neces- 
sary." 

Page  369,  Une  1.    Before  "as"  insert  "  something." 

Appendix,  page  X,,  linea  I6  and  17.  Strikeout  the  words  "Ihetuheffi 
Is  closed  by  inserdng  a  glass  rod." 
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MANUAL 

OF 

mORGANIC    CHEMISTET. 


INTRODUCTION. 


1.  Thb  various  objects  whicli  constitute  external  Nature  pre- 
eent  to  the  observing  eye  an  infinite  variety  of  quality  and  cir- 
cumstance. .  Some  bodies  are  hard,  others  soft;  some  are  brittle, 
others  toagh  or  elastic ;  some  natural  objects  are  endowed  with 
life,— they  grow  ;  others  are  lifeless, — they  may  be  moved,  but 
never  move  themselves  ;  some  bodies  are  in  a  st^ite  of  incessant 
change,  while  others  are  so  immovable  and  unchangeable  that 
they  seem  everlasting.  In  the  midst  of  this  infinite  diversity  of 
external  objects,  where  lies  the  domain  of  Chemistry?  What  is 
the  subject-matter  of  this  science  ? 

When  air  moves  in  wind,  when  water  moves  in  tides,  or  in  the 
fall  of  rain  or  snow,  the  air  and  water  remain  air  and  water  still ; 
their  constitution  is  not  changed  by  the  motion,  however  frequent 
or  however  great.  A  bit  of  granite,  thrown  off  from  the  ledge 
by  frost,  is  still  a  bit  of  granite,  and  no  new  or  altered  thing.  If 
a  solid  piece  of  iron  be  reduced  to  fihngs,  each  finest  morsel  is 
metallic  iron  sfiil,  of  the  same  substance  as  the  original  piece,  as 
will  appear  to  the  eye  if  a  morsel  be  anfflciently  magnified  under 
the  microscope.  The  melted,  fluid  lead  in  the  hot  crucible,  and 
the  solid  lead  of  the  cold  bullet  east  from  it,  are  the  same  in 
substance,  only  differing  in  respect  to  t^mgoratuce.     In  all  these 
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eases  the  cTianges  are  external  and  non-essential,  not  intimate 
and  constitn.ionul ;  they  are  eailei  physical  changes. 

a.  When  iron  is  exposed  to  the  weather,  it  becomea  cowered 
with  a  brownish,  earthy  coating  which  bears  no  outward  resem- 
blance to  the  original  iron ;  and,  if  exposed  long  enough,  the 
metal  eompletoly  disappears,  being  wholly  changed  into  this  very 
diffei-ent  substance,  rust.  A  piece  of  coal  burns  in  the  grate, 
and  soon  it  vanishes,  leaving  nothing  behind  but  a  little  ashes. 
Dead  vegetable  or  animal  matters,  buried  in  the  ground,  soon 
putrefy,  decay,  and  disappear.  80,  too,  the  fragment  of  granite 
which  frost  has  broken  from  the  ledge,  exposed  for  centuries  to 
the  action  of  air  and  rain,  beoomea  changed ;  it  "  weathers,"  and 
after  a  time  could  no  longer  be  recognized  as  granite.  AE  these 
changes  involve  alteratioas  in  the  intimate  constitution  of  the 
bodies  which  undergo  them ;  they  are  called  cliemical  changes. 

Erperimaa  1.— Mix  thoroughly  3  grammes  (for  Tables  of  the 
Metrical  System  of  Weights  and  Measures,  see  Appendix)  of  coarsely 
powdeied  sulphur  with  8  grammes  of  copper  filings,  or  fine  turnings. 
Put  the  mixture  into  a  tube  of  hardglass,No.  3,  pjg.  j 

about  12  centimetres  long,  and  closed  at  1 — 
end.  (For  the  manipulation  of  tubing, 
Appendix,  Jf  1-4.)  Hold  the  tube  by  the 
open  end,  with  the  wooden  nippers,  as  in 
Kg.  1,  and  heat  the  mixture  over  tiie  gas-lamp 
(Appendix,  §  5),  until  both  copper  and  stilphur 
have  disappeared. 

Before  heat  was  applied,  the  mixture  of  the 
two  substances  was  simply  mechanical,  and  the 
copper  might  have  been  completely  separated 
from  the  sulphur,  by  due  care  and  patienee ; 
but  during  the  ignition  the  copper  and  sulphur 
have  united  chemically,  and  there  has  been 
formed  a  substance  which,  while  containing  b<ith,  has  no  external 
resemblance  to  either.  In  the  new  body,  the  eye  can  detect  neither 
copper  nor  sulphur. 

If  10  grammes  of  metallic  iron  be  allowed  to  rust  away  completely 
in  moist  air,  the  pile  of  rust  which  remains  when  the  metal  has  disap- 
peared, will  weigh  much  more  than  10  grammes.  The  iron  has  com- 
bined with  two  of  the  constituents  of  the  atmosphere,  the  gas  called 
oxygen  and. the  vapor  of  wot«-    Ihe  weight  of  the  nist  is  the  sum 
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ANALTSIS  AND  SYKTHtsIS.  3 

of  the  weights  of  the  metallic  iron,  and  of  the  water  and  oxygen  with 
wliich  the  iron  has  comljincd. 

Processes  by  which  the  whole  character  and  appearance  of  the 
bodies  concerned  arc  changed,  as  in  these  cxperiraonts,  so  that 
essentially  new  bodies  are  formed  from  the  old,  are  chemical 
processes.  It  is  the  function  of  the  chemist,  on  the  on.e  hand,  to 
inveatigato  thi~  iction  of  each  substmce  upon  every  other,  to  take 
note  of  the  phen.  nena  which  att  nd  this  action  and  to  study  the 
properties  of  the  combinations  which  result  f  om  it  and  on  the 
othei  to  contnre  the  lesolution  of  compound  bodies  into  their 
simpler  constituents  He  further  seeks  tlie  general  laws  hy 
which  the  intimate  combimt  ons  of  matter  tn.  e  ntioUed.  "With 
these  ends  m  view  the  chimi-it  endeavors  to  pull  to  pieces,  or  in 
te  hnical  language  to  (ni«//  c  every  natural  substance  on  which 
he  Iaj9  hands  Having  thus  foind  out  the  comj  ition  of  the 
substance  he  seeks  to  put  it  together  again  ur  to  recoiopose  it 
out  oi  its  coiwtituent  parts  B\  one  oi  b  th  i  these  two  pro- 
cesses analysis  (unloosing)  and  sjnthesie  (putting  togethci),  the 
chemist  studies  all  substances 

3  There  are  two  q  estiona  which  the  chem  st  isks  himself 
conccn  ing  every  nat  rjl  substance  First  Of  what  is  it  com- 
pos d"^  With  the  means  at  his  disj  sal  the  chemist  may,  or  may 
not  be  able  to  i  solve  the  substance  into  mpl  r  constituents. 
If  he  anoceeds  in  decomposing  it  ho  obti  n  tb  Ji  swer  to  this 
fust  j^uesti  n  if  the  bady  cannot  be  decon  posed  Ij  any  known 
method  of  analj  11  the  substance  must  be  regarded  as  being, 
alieiiy  at  its  s  nplest  Sudi  simple  bodies  are  called  elements. 
Secondlv  the  chemist  asks  ffow  does  tliu  ne  i  substance  eom- 
^orf  itself  when  brought  otto  contact  with  other  substances  already 
familiar?  Tliere  are  sixty-five  substances  which  are,  at  present> 
admitted  to  be  simple,  primary  substances,  or  elements.  Of  com- 
pound bodies,  formed  by  the  union  of  these  elements  with  each 
other,  we  find  a  series,  numbering  many  thousands,  in  the  inor- 
ganic kingdom  of  Nature,  comprising  all  the  diversified  mineral 
constituents  of  the  earth's  crust ;  while  another  series,  far  more 
complo::  in  composition,  and  almost  innumerable  in  multitude, 
exists  in  the  vegetable  and  animal  world.  The  task  of  the 
chemist  in   thoroughly  answering  his   second  question  would 
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clearly  be  endless  were  it  not  for  the  existence  of  general  jiro- 
perties  common  to  extensive  groups  of  both  elcmentiir  Jnd 
compound  bodie'i  and  of  general  laws  which  chemi  al  proce^i'n.s 
invariably  obev 

While  therefore  the  chemist  se  ks  the  'in'.wera  to  the  tw  o 
fundamentil  questions  above  stated  he  is  at  the  same  time 
inquiring  what  relation's  exist  between  the  propertie'5  of  a  body 
ind  its  coinpcsition,  and  he  is  also  stud(mg  that  n<itural  and 
mvaiiable  sequence  of  chemical  phenomena  which  when  fully 
known  will  constitute  the  perfect  science  of  chemistry 

4  Generalizations  from  observed  fects,  so  long  as  thpy  are 
unceitam  and  incomplete,  are  called  hypothesea  and  theoiies 
when  tolerably  complete  and  reasonablj  certiin  they  are  called 
laws  The  attention  of  the  student  should  be  constantly  directed 
to  the  keen  discnramation  between  faeti  and  the  spemlalions 
founded  npon  those  facts — between  the  actual  evidence  of  our 
trained  senses  brought  intelligently  to  beir  upon  ehemical  phe- 
nonien  i  and  the  reasonings  and.  abstract  conclusions  based  npon 
this  evidfti  p— betwfen  m  short,  that  which  we  may  know,  and 
that  which  wc  ma\  believe 


CHAPTER  I. 


5.  Wr.  are  everywhere  surrounded  by  an  atmosphere  of  invisible 
gas,  called  air.  All  objects  upon  the  earth's  surface  are  bathed 
with  it.  In  motion,  it  is  wind,  and  we  recognize  its  esisteaee 
by  its  joiverfnl  effects;  but  in  the  stillest  places  it  exists  as 

The  presence  of  air  in  any  ordinary  bottle,  flask,  or  other 
hollow  vessel  which  is  empty,  in  the  sense  in  which  this  word  is 
ordinarily  apphed,  can  be  shown  very  simply  by  attempting  to 
put  some  other  substance  into  the  vessel,  under  such  conditions 
that  the  air  cannot  pass  out  from  it.     Or  the  air  can  actually  be 
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pumped  out  of  the  bottle ;  and  it  can  be  removed  bj-  otier  means, 
both  mechanical  and  chemical. 

Sxp.  2. — -Wrap  aromid  the  throat  of  a  funnel,  with  naiTOw  outlet, 
IL  strip  of  moistened  cloth  or  paper,  bo  that  the  funnel  ahail 
fit  tightly  into  the  neck  of  a  bottle.     After  the  funnel  has     Fig.  2. 
been  fitted  to  the  bottle,  as  is  shown  in  Fi;^.  2,  fill  it  with   < 
water,  and  observe  that  thia  water  does  not  run  into  the 
bottle.   The  bottle  which  we  have  called  empty  ia  in  reality 
filled  with  air,  and  it  ia  thia  nir  which  prevents  the  water 
froraenteringthe  bottle.  If,  now,  the  funnel  be  lifted  shghtly,   | 
so  that  the  mouth  of  the  bottle  shall  no  longer  be  completely  I 
closed  by  it,  the  air  within  the  bottle  will  pass  out,  and  the 
water  in  the  funnel  will  instantly  flow  down. 

6.  In  order  to  pump  the  air  out  of  any  hollow  Tessel,  ( 
ratua  known  as  the  air-pump  is  commonly  employed, 
tions  of  thia  machine  may  be  found  in  the  text-books  on  physics. 
For  purposes  of  illustration,  a  portion  of  the  air  can  always 
he  removed  by  suction,  or  by  mechanically  displacing  the  air  by 
S01G3  other  substance,  as  when  the  finger  thrusts  the  air  out  of  a 
thimble. 

Exp.  3. — Fit  to  any  small  flask  or  phial  a  perforated  cork  (for  the 
manipulation  of  corks,  see  Appendix,  §  8),  to  which  baa  been  adapted 
a  short  piece  of  glass  tubing.  No.  7.  Tie  upon  thia  glass  tube  a  short 
piece  of  caoutchouc  tubing.  Suck  part  of  the  air  out  of  the  flask,  and 
then  nip  the  caoutchouc  tube  with  thumb  and  finger,  so  that  no  air 
shall  reenter.  Immerse  the  neck  of  the  fiask  in  a  basin  of  water,  and 
release  the  caoutchouc  tube.  Water  will  instantly  rise  info  the  flasb 
to  take  the  place  of  the  air  which  has  been  sucked  out. 

7.  The  water,  in  this  experiment,  is  forced  into  the  flask  by 
the  pressure  of  the  auperineumbent  atmosphere.  Air  haa  weight 
It  is  subject  to  the  law  of  gravitation,  and  is  attracted  towards 
the  earth's  contre  in  the  same  way  as  other  ponderable  matter. 
It  has  been  found  by  experiment  that  a  litre  of  dry  air,  at  the 
temperature  of  0°,  and  nnder  a  pressure  of  760  millimetres, 
weighs  1-2932  gramme.  It  has  also  been  determined  by  the 
physicists  that  the  force  with  which  the  air  is  attracted  to  the 
earth  is  on  an  average  equal  to  a  weight  of  1-033  kilogramme 
to  the  square  centimetre  of  surface.  That  is  to  say,  the  ocean 
of  air  above  us  presses  down  upon  every  square  centimetre  of 
the  earth's  surface  with  a  force  equal  to  that  which  would  bo 
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exerted  by  a  bar  of  metal,  or  other  substance,  a  centimetre  sqnare 
in  section,  and  long  enough,  to  weigh  1-033  kilograimme. 

If  such  a  bar  were  constmeted  of  iron,  it  would  be  1-3  metre 
long ;  if  of  water  (ind  a  bar  of  this  substance  can  readily  be 
made  by  endobmg  the  w-iter  m  a  tube),  it  would  be  10  33  metres 
long,  it  of  mercury,  76  centimetres  kn^  A  dejr  conception  of 
the  atmosphenc  pressure  is  impoitant  to  the  chemist,  beetuse  of 
ltd  beannft  upun  the  mei-hanical  collection,  manipulation,  and 
measurcmint  of  gasea 

8  In  addition  to  the  quilities  aLready  mentioned,  we  find  air 
to  be  tasteless,  and  odorless,  uobrless  when  m  small  depths,  hut 
exhibitinij  a  blue  tint  when  seen  in  large  misses,  as  when  in  the 
absent  e  of  clouds  we  look  at  the  sky,  or  at  a  distant  mountain 
Se^  eral  ot  its  properties  are  not  peculiar,  but  are  common  to  all 
gases  Dry  aii  obeys  precisely  the  law  of  Manott*  up  to  a  pies- 
sure  of  se^eril  atmospheres ,  that  i&  to  say,  its  volume  dirainiabes 
or  increases  in.  proportion  to  the  pressure  to  which  it  is  sub- 
jected ;  hilt  it  has  never  yet  been  condensed  to  a  liquid.  Upon 
being  heated  one  degree  centigrade,  it  expands  ^^,  or  in  other 
terms  0'0036fl5,  its  rolume  at  0°.  At  the  temperature  of  0°,  air 
.  is,773  times  lighter  than  water  at  4° ;  that  ia,  than  water  at  its 
maximum  density. 

These  physical  properties  of  air  have  been  enumerated  in  order 
to  a  distinct  acquaintance  with  this  gas,  and  that  we  may  more 
clearly  comprehend  ita  chemical  properties  as  we  now  proceed  to 
study  them. 

9.  Of  what  is  air  composed?  When  a  bar  of  iron  Is  heated 
in  the  air,  as  at  a  blacksmith's  forge,  it  becomes  covered  with  a 
coating,  which  flies  off  in  scales  when  the  iron  is  beaten  upon  the 
am  jl.  If  a  bit  of  tin  be  melted  in  a  shallow  erucitile  its  surface 
soon  becomes  covered  with  a  white  earth  or  ashes  At  a  high 
temperature  both  iron  and  tin  slowlj  hur-i  m  the  air  and  are 
converted  into  earth  or  ashes.  "With  the  e^cepti  n  of  gold,  silver, 
platinum,  and  a  few  other  exceedingly  laie  metals  all  the  metals 
bum,  or  rust,  when  heated  in  the  a  r  If  no  air  be  present,  this 
rust  or  ashes  will  not  be  formed,  however  long  or  intensely  the 
metal  may  be  heated.  But  in  what  manner  is  the  rust  formed? 
l&  something  driven  out  of  the  metal  into  the  air,  or  does  eome- 
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thing  come  oul.  of  the  air  and  unite  with  the  metal?  Experi- 
ment shall  answer. 

JSxp.  4. — Place  20  griinimes  of  tin-foil  in  a  porcelain  dish,  4  or 
5  cm.  in  diameter.  Counterhalance  the  dish,  with  its  contents,  upon 
scales  which  will  turn  promptly  with  05  grm.  wlien  thna  loaded. 
Heat  the  dish,  placed  upon  the  wire  gauze  of  the  iron-stand  (see  Ap- 
pendix, 5  9),  over  the  gas-lamp  moderately  and  continuously  for  two 
or  three  hours,  or  until  a  large  part  of  the  metal  has  heen  converted 
into  ashea.  To  facilitate  the  change,  move  the  diah  frec[ueDtlj,  so 
that  a  new  surface  of  metal  shall  be  often  exposed  t«  the  air.  Replace 
the  dish,  when  perfectly  cool,  upon  the  pan  of  the  halanoe,  and  ohservo 
that  the  weight  of  the  diah  and  ita  contents  has  very  decidedly  in- 
creased. 

A  more  rapid  demonstration  may  be  ohtained  hy  aubstituling  for 
the  tin-foil  a  piece  of  m/ignesiuin  wire  or  ribbon.  This  metal  takes 
fire  when  touched  with  a  lighted  match. 

10.  It  is  possible  that  daring  the  heafing  the  metal  may  have 
lost  something,  but  it  ia  certain  that  it  has  gained  more.  This 
additional  matter  has  not  come  from  any  alteration  in  the  dish, 
for 'it  ia  made  of  materials  expressly  adapted  to  resist  such  treat- 
ment, and  a  htUe  cleaning  will  restore  it  to  exactly  its  original 
condition.  We  have,  then,  taken  something  out  of  the  air, 
which,  gaseous  in  the  air,  has  become  soUd  in  the  white  ashes  of 
the  tin. 

If  this  something  with  which  the  tin  has  united  can  be  sepa- 
rated again  from  the  metal,  and  restored  to  the  gaseous  condition, 
it  will  be  easy  to  compare  it  with  common  air,  and  so  learn 
whether  the  matter  which  combined  with  the  heated  tin  ia  air 
itself,  or  only  a  port  of  the  air.  It  is  quite  possible  to  recover 
the  gas  which  enters  into  the  composition  of  the  rust  of  iron,  or 
copper,  or  tin  ;  but  the  processes  required  are  too  circuitous  for 
the  present  purpose.  Erom  the  rust  of  other  common  metals, 
such  as  lead,  manganese,  or  mercury,  the  absorbed  gas  can  hi) 
very  easily  expelled.  The  rust  of  mercury  is  the  most  easily 
decomposed.  Mercury-rust  may  be  prepared  bylhe  long  heating 
of  the  metal  in  the  air,  in  a  manner  strictly  analogous  to  the 
method  already  applied  to  the  preparation  of  tin-rust. 

Eip.  6. — Put  into  a  tube  of  hard  glass,  No.  3,  about  12  cm. 
toiig,  and  closed  at  one  end  as  in  Exp.  1,  10  gxammes  of  the  ruat  of 
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mercury,   a   substance  which  is  aold  under  the  name   of  red  oxide 

of  mercury.     Such  tubea  of  htu'd  g-lass  will  be  hereafter  designated 

as  "  ignition -tubea."     Attach  to  this  ignition-tube,  by  means  of  aper- 

forated  cork,  or  caoutchouc  stopper,  a 

delivery-tube  of  glass,  No.  8,  of  such 

shape  itnd  length  that  it  shall  reach 

beneath  the  inverted  saucer  in  the 

pan  of  water,  oa  represented  inTig,  3. 

The  point  of  departure,  for  the  con- 

Htrucfion  of  the  apparatus,  is  the  top 

of  the  gas-lamp  placed  upon  the  foot 

of  the  iron-stand ;  the  end  of  the  ig- 

nilion-tube  should  be  about  4  cm 

above   the  top   of  the   lamp.      The  ^ 

other  details  of  the  apparatus  may  be 

learned  from  the  figure. 

Upon  lighting  the  lamp,  the  air  within  the  ignition-tube  will  ex- 
panii,  and  aportionof  it  will  passouttbrough  the  delivery-tube.  This 
Mil-  should  be  collected  in  a  smnll  bottle  by  itself,  and  thrown  away. 
The  Tolume  of  air  thus  thrown  away  should  of  course  not  be  much 
greater  than  that  of  the  tubes.  (For  a  description  of  the  pneumatic 
trough,  see  Appendix,  5  10.) 

Aa  the  ignition-tube  becomes  hot,  gas  will  be  freely  given  oiFfrom 
the  red  oxide  of  mercury  contained  in  it.  It  is  necessary  to  avoid 
beating  intensely  a  single  small  spot  of  the  ignition-tube,  lest  the  glass 
soften,  and,  yielding  to  the  pressure  from  within,  blow  outwai'd,  and 
so  spoil  the  tube  and  arrest  the  experiment.  The  gns-flame  should  be 
so  placed  and  regulated  as  to  heat  3  or  4  cm.  of  the  tube  at  once. 
Collect  the  escaping  gas  in  bottles  of  100  to  ISO  c.  c.  capacity. 

As  soon  as  the  disengagement  of  gas  slackens,  lift  the  iron-stand  up, 
and  take  the  delivery-tube  out  of  the  water,  taking  care  that  no  water 
shall  remain  in  the  end  of  the  tube.  Then,  and  not  IW  then,  extinguish 
the  lamp.  (See  Appendix,  §  10.)  In  the  upper  part  of  the  ignition- 
tube,  and  sometimes  in  the  delivery-tube  also,  metallic  mercury  will  be 
found  condensed  in  minute  globules.  The  Uquid  metal  is  volatile  at 
the  temperature  to  which  it  has  been  subjected,  and  has  distilled  away 
from  the  hot  part  of  the  tube,  and  condensed  upon  the  cooler  part. 

Thus  is  recovered  the  metallic  mercury  from  which  the  red 
mercury-rust  was  originally  prepared  by  long  heating  in  contact 
with  air.  Is  the  gas,  which  the  mercury  originally  took  from  the 
atmosphere,  air  itself,  or  something  different? 

Exp.  6. — Inti'oduce  a  lighted  splinter  of  soft  wood  into  a  bottle  of 
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the  gas  collected  in  the  last  experiment  It  will  hum  with  much 
grentEi"  brilliancy  than  in  the  air.  Attach  a  hit  of  was  taper  to  a, 
piece  nf  wire ;  light  the  taper,  blow  it  out,  and  while  the  iviek  still 
glows,  introduce  it  into  a  second  bottle  of  the  gaa  of  Exp.  5.  The 
glowing  wick  will  burst  into  tiame,  and  the  taper  will  burn  with  ex- 
traordinary brilliancy. 

11.  It  is  very  obvious,  from  these  experiments,  that  the  gaa 
which  enters  into  the  composition  of  mercury-rust  is  not  ait 
itself.  But  since  it  came  originaily  from  the  air,  if  it  is  not  the 
whole  of  air,  it  must  be  a  part  or  constituent  of  aii'.  This  gas, 
which  causes  combustible  substances  to  burn  with  such  intensity, 
is  indeed  a  constant  constituent  of  tbe  air,  and  a  thorough  study  of 
all  its  properties  will  hereafter  convince  us  that  it  is  a  chemical 
element  of  very  various  powers  and  great  importance.  It  is  called 
oxygen,  and  under  this  name  it  will  form  the  subject  of  the  ne.xt 
chapter. 

12.  Butif  oxygen  be  not  air  itself,  but  only  a  constituent  of  air, 
it  follows  that  air  must  have  other  constdtnents,  or  at  least  one 
other  constituent.  If  mercury  be  long  heated  in  contact  with  a 
certain  confined  portion  of  air,  it  will  abstract  from  this  air,  as  we 
have  seen,  one  of  its  ingredients,  namely,  oxygen,  and  there  will  be 
left  behind  whatever  of  air  is  not  oxygen.  This  experiment,  the 
original  one  by  which  the  Olustrioua  chemist  Lavoisier  demon- 
strated that  air  is  a  constant  mixture  of  two  ditfercTit  gases, 
deserves  carefnl  study,  both  for  its  philosophical  value  and  its 
historical  importance.  The  actual  experiment  lasts  several  days, 
and  is  therefore  unsuitable  for  repetition  by  the  student.  A 
description  of  it  will  suffice. 

Into  a  flask,  provided  with  a  long  neck,  some  metalKc  mercury  was 
introduced ;  the  neck  of  the  flask  was  then  bent,  as  shown  ia  Fig  4, 
the  flask  placed  upon  a  furnace,  and  the  end  of  the  neck  plunged  into 
abasin  of  mercury;  a  jar  was  then  placed  over  the  end  of  the  tube, 
and  a  portion  of  the  luc  within  the  jar  was  sucked  out  by  means  of  a 
bent  tube ;  the  mevcmy  thereupon  rose  in  the  jar,  and  the  point  at 
which  it  stood  was  accurately  noted.  The  thermometer  and  barometer 
were  also  simultaneously  observed.  Fire  was  then  hghted  in  the 
furnace,  and  the  heat  maintained  for  twelve  days  at  apoint  just  below 
that  required  to  make  the  mercury  boil.  The  mercm'y  became  gra- 
dually covered  with  red  scales,  and  the  air  in  the  jar,  which  at  first 
expanded  from  the  action  of  the  heat,  slowly  decreased  in  bulk  until 
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fresh  Hcales  were  no  longer  formed.     From  these  red  scales  LfiToisiei 
obtained,  by  the  method  already  exhibited  (Exp.  5),  the  element  oiy- 
gen.     The  residual  dr  in  the  jar  pioved,  on  examination,  to  be  unit 
for  the  support  of  eombuatioD  and 
of  animal  life;   a  candle  waa  i 
stanfly  extinguished  by  it,  as 
plunged  in  -water,  and  small  ar 
mals,  thrust  into  the  gas,  died 
B  few  seconds.     The   gas   is, 
reality,  a  second  elementftiy  sub- 
stance, distinguished  by  marked 
chemical  and  physical  peculiaii- 
ties.      It  is  called  nitrogen,  aiid 
under  this  name    will  be   more 
completely  studied  in  another  chapter. 

13.  The  experiment  of  Lavoisier  not  only  affords  the  means  of 
Bepai-ating  the  two  different  gases  of  which  air  is  composed,  but 
also  deteniiines  the  proportions  in  which  they  are  mixed  in  air. 
If  the  diminution  in  bulk,  which  the  air  in  the  jar  undergoes 
during  the  whole  progress  of  the  experiment  be  accurately 
measured,  it  will  be  found  that  the  bulk  of  the  residual  gas,  the 
nitrogen,  is  only  four-fifths  of  the  original  volume  of  air.  The 
lost  fifth  is  the  oxygen  which  has  combined  with  the  mercury. 
The  air,  then,  is  not  am  element,  but  is  compound,  and  its  two 
principal  ingredients  are  the  elementary  bodies  oxygen  and 
nitrogen,  mised  in  the  proportion  of  four  measures  of  nitrogen 
to  one  of  oxygen.  It  is  quite  possible  to  prove  by  synthesis 
what  analysis  has  thus  taught.  On  putting  together  four  mea- 
sures of  nitrogen  and  one  measure  of  oxygen,  a  mixture  is  ob- 
tained, whicli,  except  by  very  refined  oxperiiaents,  is  not  to  be 
distinguished  from  pure  air.  Aqueous  vapor  is  another  normal 
constituent  of  the  acfual  atmosphere,  and  small  traces  of  other 
gases  than  nitrogen  and  oxygen  are  always  present  in  it,  as  will 
be  set  iottii  hereafter. 
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14.  Oxygen  gaa  may  be  prepared  by  heating  red  oxide  of 
mercuiy,  as  described  iu  Exp,  5  ;  or,  far  more  conveniently,  by 
beating  a  mixture  of  cblorate  of  potassium  and  bbick  oxide  of 
manganese.  For  the  present  we  bave  to  regard  tbese  substances 
merely  as  materials  suitable  forthe  preparation  of  oxygen.  Tbeir 
constitution  will  be  studied  hereafteri 

likp.  7. — Mis  intimately  6  grms.  of  chlorate  of  potassium  with 
5  grma.  of  black  oxide  of  mangoneso,  which  has  been  previously  well 
dried.  Place  the  mixture  in  a  tube  of  hard  glass,  No.  1, 12  or  15  cm. 
in  length.  Attach  to  this  ignition-tube,  by  means  of  a  perforated 
cork  or  caoutchouc  stopper,  a  delivery-tube  of  glass,  No.  7,  ns  repre- 
sented in  Fig  3,  and  described  upon  page  8.  Heat  the  mixtme  in  the 
ignition-tube  and  collect  the  gas  which  will  be  given  off,  in  bottles  or 
jars  of  the  capacity  of  about  250  c.  a  The  fii-st  100  c,  c.  or  so  of  gas 
.should  be  rejected,  since  it  will  be  contaminated  with  the  air  origi- 
nally contained  in  the  apparatus. 

It  is  easy  to  determine  the  momentat  which  the  evolution  of  oxygen 
commences,  by  noting  the  increased  size  of  the  bubbles  of  this  gas  as 
contrasted  with  those  of  the  expanded  air,  and  the  greater  rapidity 
with  whith  the  bubbles  of  oxygen  come  over.  For  every  grm.  of 
chlorate  of  potassium  taken,  about  280  c,  c.  of  oxygen  gas  should  be 
obtained, 

Beadea  the  general  precautions  described  under  Exp,  6,  the  follow- 
ing should  here  be  observed.  1.  Both  the  chlorate  of  potassium  and 
the  oxide  of  manganese  should  be  perfectly  dry  and  pure — that  is,  free 
from  moisture,  dust,  or  particles  of  organie  matter.  3.  So  soon  as  the 
oxygen  begins  to  be  delivered,  the  heat  beneath  the  ignition-tube 
should  be  diminished,  if  need  be,  and  so  regulated  that  the  evolution 
ofgas  shall  be  trauijuil  and  uniform.  3,  The  uppermost  portions  of 
the  misture  should  be  heated  before  the  lower.  4.  An  ignition-tube 
should  never  be  tilled  to  more  than  one-third  its  total  capacity,  lest 
portions  of  its  contents  be  projected  into  the  deliveiy-tube.  The 
chief  danger  to  be  guarded  against  in  using  ignition-tubes  is  the  stop- 
page of  their  outlets  with  solid  matter.    6,  The  ignitiou'tube  should 
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iilwajfl  be  inclined  as  represented  in  Fig'.  3,  and  neTor  placed  upright 
in  the  flame. 

The  osygan  thus  obfaiued  is  to  be  employed  in  the  experinionta 
shortly  to  he  described.  In  case  large  quantities  of  oxy^n  are  needed, 
a  similar  mixture  of  equal  weights  of  chloraf*  of  potaiisium  and  black 
oxide  of  manganese  is  healed  in  a  retort  of  iron  or  copper,  and  the  gas 
is  collected  in  large  metallic  vessels,  called  gas-holders,  Buch  as  are 
described  in  §  11  of  the  Appendix. 

Besides  the  methods  above  described,  there  are  many  other 
ways  of  preparing  oxygen.  Several  of  these  methods  will  be 
described  hereafter,  when  the  materials  employed  can  bo  ints'lli- 
gently  studied. 

15,  Oxygea  is  a  transparent  and  colorless  gas,  not  to  be  dis- 
tinguished by  its  aspect  from  atmospheric  air.  Like  air,  it  has 
neither  taste  nor  smell.  It  is,  however,  somewhat  heavier  than 
air,  Ktbe  weight  of  a  measure  of  air  be  taken  as  l,,then  the 
weight  of  tho  same  measure  of  oxygen  is  found  to  be  1-1056. 
At  0°,  and  a  pressure  of  760  m.m.  of  mercury  1  litre  of  oxygen 
gas  weighs  l'4i;98  grm. 

Since  oxygen  is  thus  heavier  than  air,  it  is  not  absolutely  necessary, 
in  collecting  it,  or  transferring  it  from  one  vessel  to  another,  that  we 
should  operate  over  water,  as  has  been  directed.  When  a  gas  is  mncli 
heavier,  or  much  lighter,  than  atmospheric  air,  it  may  often  be  con- 
veniently collected  by  dieplacemeia.  A  bottle  can  readily  be  filled 
with  oxygen  from  the  gas-holder  by  carrying  the  delivery-tube  to  the 
bottom  of  the  upright  bottle,  and  allowing  the  gas  to  flow  in  slowly, 
as  if  it  were  water.  In  a  short  time  the  air  will  be  wholly  displaced, 
and  the  bottle  filled  with  oxygen.  The  progress  of  the  operation  can 
be  followed  by  testing  the  contents  of  the  upper  part  of  the  bottle  from 
time  to  time,  with  a  glowing  match ;  when  tliis  bursts  sharply  into 
fiame  the  gas  may  be  assumed  to  he  pure  enough  for  all  ordinary 
purposes. 

16.  Oxygen  has  never  yet  been  reduced  to  the  liquid  condition.  ' 
Of  all  known  substances  it  exerts  the  smallest  refracting  power 
upon  the  rays  of  light.  Compared  with  that  of  atmospheric  air, 
its  refractive  power  is  as  0-830  to  1-000,  The  specifle  heat  of 
oxygen,  conipanid  with  _that  of  an  equal  weight  of  water  taken  as 
unity,  is  0-2182 ;  it  has  a  lower  capacity  than  other  gases  for 
absorbing  and  radiating  heat.  Water  dissolves  it  in  small  pro- 
Dortion ;  100  volumes  of  water  dkaolve,  at  the  ordinary  tempera- 
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tnre,  about  3  volumes  of  oxygen.  It  exhibita  decided  magnetic 
properties.  A  glass  tiilie  tilled  with  oxygen  and  suspended  by  a 
fibre  of  silk  betweea  tbe  eads  of  a  strong  horse-sboe  magnet  soon 
comes  to  rest  in  such  a  position  that  its  long  axis  is  parallel  to  a 
line  drawn  between  tbe  two  poles.  As  with  iron,  its  susoeptibl- 
Hty  to  magnetization  is  diminiBhed,  or  even  temporarily  suspended, 
by  a  sufflcient  elevation  of  temperature.  Its  magnetic  force,  cod>^ 
pared  with  that  of  the  air,  is  as  17 '5  to  3-4,  that  of  a  vacuum  being 
taken  as  0. 

17.  A  striking  characteristic  of  oxygen  is  its  power  of  sup- 
porting combustion.  This  has  already  been  illnstrated  in  Exp.  6, 
and  may  be  further  exhibited  by  a  great  variety  of  experiments. 

Hxp.  S.^PIace  in  a  defl^aling  spoon  (see  Appendix, 
5  12),  a  bit  of  sulphur  as  large  as  a  pea.    Light  the  sul-        '^'    ' 
phiir,  and  thrust  it  into  a  bottle  of  oxygen.    It  will  bum      /  -J     / 
with  a  beautiful  blue  fiame,  and  much  jnore  brilliantly     /^"T"^ 
than  in  air.     An  acid,  suflboiting  gas  is  produced.  ivJ|//;, 

lExp.  9. — Place  a  piece  of  charcoal,  that  of  bark  is  ;^  k^ 
best,  in  a  defiagrating  spoon.  Kindle  the  charcoal  by  "^^iVs^ 
holding  it  in  the  flame  of  a  lamp,  and  then  introduce  it    ^~~; 

into  a  bottle  of  oxygen.     It  will  bum  vividly,  throwing 

off  brilliant  sparks  if  bark  charcoal  has  been  employed. 

In  this  experiment,  as  in  the  preceding,  the  products  of  the  com- 
bustion are  obviously  gaseous,  no  solid  substance  being  formed. 

Exp.  10. — A  piece  of  phosphorua,  the  size  of  a  small  pea,  having 
been  well  dried  between  pieces  of  blotting-paper,  is  placed  in  a  defla- 
grating spoon,  touched  with  a  hot  wire  or  a  lighted  match,  and  then 
thrust  into  a  jar  of  oxygen.  It  will  bum  with  intense  brilliancy  and 
the  formation  of  a  dense  white  smoke. 

It  should  be  observed  that  phosphorus  is  a  substance  which  inflames 
very  readily  in  the  Mr,  when  subjected  to  friction  or  any  slight  eleva- 
tion of  temperature.  It  is  hence  so  dangerous  that  it  must  always  be 
kept  under  water.     It  should  also  be  cut  under  water. 

18.  Many  substances  commonly  called  uicombustible,  because 
they  do  not  bum  readily  in  ordinary  air,  bum  vigorously  in 
oxygen.     Of  these,  metallic  iron  may  be  taken  as  an  example. 

Exp.  11. — Convert  two-thirds  of  a  piece  of  fine  piano-wire  20  or 
30  cm.  long  into  a  spiral,  by  winding  it  tightly  around  a  glass  rod, 
No.  6,  or  lead  pencil,  and  then  withdrawing  the  rod  or  pencil.  Thrust 
the  straight  end  of  this  wire  into  a  cork  or  piece  of  thin  board  lai^ 
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enough  to  cover  one  of  the  hottles  of  oxygen  obtained  m  Exp.  7. 
Upon  the  lower  end  of  the  wire  coil  tie  a  small  piece  of  waxed 
tliread,  or  touch  with  a  hit  of  melted  aulphiir  the  end  of  the  spiral,  ao 
that  a  small  bead  of  sulphur  shall  adhere  to  the  wire.  Kindle  the 
thvead  or  sulphur,  and  c[uiclfly  place  the  wire  in  a  bottle  of  oxygen,  at 
the  bottom  of  which  has  been  spread  a  layer  of  sand. 

The  burning  sulphur  heata  the  iron  to  redness,  which  then  hums 
brilliantly,  with  scintillation.  From  time  to  time,  glowing  balls  of 
molten  matter  fell  oiFftom  the  wire,  and  bury  themselves  in  the  sand 
at  the  bottom  of  the  bottle,  or  even  melt  into  the  glass. 

If  an  abiindfince  of  oxysen  be  at  hand,  this  experiment  had  better 
be  performed  in  a  jar  of  2  or  3  litres  capacity, — a  watch-spi'ing  which 
has  been  rendered  flexible  by  igniting  it,  and  then  allow- 
ing it  to  cool  slowly,  being  the  best  material  with  which  to  Fig.  6. 
form  the  spiral  coil.  In  this  case  it  is  well  to  tie  a  bit  of  ^^~j 
tinder  upon  the  end  of  the  coil  as  the  kindling  material,  or  f^T^ 
to  attach  a  piece  of  twiue  to  the  wire,  and  soah  this  in  i 

snipiiur.     But  the  experiment  succeeds  well  even  in  very  | 

small  bottles  of  oxygen,  provided  the  wire  be  fine,  and  -iS/^ 
that  the  quantity  of  sulphur,  or  other  matter,  employed  ^^^ 
for  kindling  be  not  too  large.  v^^^ 

19.  This  experiment  clearly  proves  what  has  been  already 
stated,  that  iron,  when  red-hot,  combines  with  oxygen.  It  ia 
the  burnt  or  osidized  iron  which  falls  in  globules  to  the  bottom 
of  the  bottle.  This  substance  is  called  oxide  of  iron.  The  com- 
pounds which  are  formed  by  the  union  of  oxygen  with  other 
elements  are  called  oandes.  The  substances  which  have  been 
heretofore  mentioned  under  the  more  familiar  name  of  rust,  like 
iron-rust,  tin-rust,  mercury-rust,  are  called  in  chemistry  oxides 
—as  the  oxide  of  iron,  oxide  of  tin,  and  oxide  of  mercury. 

20.  It  will  have  been  observed  that  the  combinations  obtained 
in  the  foregoing  experiments  are  of  verj'  various  quality.  Some 
of  these  compounds  are  solid,  others  gaseotts ;  some  are  acid  and 
caustic,  while  others  are  tasteless  and  innocuous.  They  agree 
only  in  this,  that  thoy  all  contain  oxygen.  All  these  bodies  will 
be  studied  in  detail  hereafter.  It  concerns  us  now  more  particu- 
larly to  realize  the  number  and  variety  of  the  bodies  into  which 
oxygen  enters  as  an  essential  ingredient.  In  fact,  the  most 
important  quality  of  oxygen  is  that,  with  a  single  exception,  it 
unites  with  all  the  other  elements  to  form  compounds. 
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This  act  of  pombm'itioii  is  often  aicompaTiied  by  devilopmput 
of  light  ai  i  heat  as  in  the  foregoing  expenments  in  the 
affairs  of  l  imn  on  hte  we  daily  witness  similat  efTects  All  the 
ordinary  pheiiomtm  of  fire  and  hght  depend  upjn  the  unicn  of 
the  body  burned  with  the  osvgen  o{  the  nr  Indt,  d  the  teim 
combmtion  may  tor  il!  oidmary  pii  pjoes  he  regarded  is  «ynouy- 
mous  with  oxidation. 

Combustion  is  less  vivid  in  air  than  in  pure  oxygen,  because 
of  the  nitrogen  with  which  the  oxygen  of  the  air  is  diluted.  If 
a  substance  combines  slowly  with  oxygen,  it  may  often  happen 
that  no  evolution  of  heat  or  light  can  be  detected.  Thus,  when 
a  small  piece  of  iron  rusts  at  tlio  ordinary  temperature  of  the  air, 
there  is  perceived  neither  light  nor  heat,  although  a  Cflmhination 
of  iron  and  oxygen  has  been  formed,  as  In  Exp.  11.  Heat  is 
really  disengaged  in  the  slow  rusting  tif  iron,  as  in  every  act  of 
chemical  combimition,  but  it  is  taken  up  and  carried  away  by  the 
circumambient  air  at  the  moment  ot  its  formation,  so  tliat  it  can- 
not usually  be  perctived  blow  o'^idation,  such  as  this,  is  often 
spoken  of  as  slow  combustion 

21,  Many  of  tlie  compounds  li  oxjgen  lie  very  familiar 
bodies.  Indeed,  oxygen  is  the  most  widelj  diffused  and  the  most 
abundant  of  all  kn  wu  s  itslancis  !Not  only  dots  it  occnr  in 
the  air,  of  which  it  constitutes  about  one-fitth  the  volume,  as  has 
been  already  remarked,  but  at  least  one  thud  ut  the  solid  crust 
of  the  globe  is  composed  of  it  It  is  the  ehiet  ingredient  of 
wat«r,  as  will  appear  m  a  subsequent  chipter  It  enters  largely 
into  the  composilion  of  plants  and  animils  fcilica,  in  all  its 
varieties  of  sand,  flint,  quiitz,  rock  ciystal,  &e ,  contains  abont 
half  its  weight  of  otygen,  and  thi  bame  n  true  of  the  various 
kinds  of  clay,  and  of  ohaSk,  limestone  and  mjjble  Oxygen  is 
absoluiely  essential  to  the  maintenance  ot  ammal  and  vegetable 
life.  The  cbemjstrj  ot  the  respiratim  of  animils  depends  upon 
the  absorption  of  oxvgen  fiom  the  air  respired  In  tlie  abaeace 
of  oxygen  suffocation  ensuea. 
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22.  The  common  modes  of  obtaining  nitrogen  depend  upon 
the  removal  of  oxygen  from  the  air. 

Exp.  12. — Fill  a  tube  of  hard  glass,  No.  2,  about  35  centimetres 
long,  with  bright,  not  too  coarse,  copper  turnings!  place  this  tube 
upon  a  semicylindrical  trough  of  sheet  iron,  and  support  it  npon  a 
ring  of  the  iron  stand,  as  shown  in  Fig.  7.  It  is  well  to  interpose  ft 
thin  layer  of  asbestos  between  the  tuba  and  the  iron  trough,  in  order 
to  prevent  the  glass  from  adhering  fo  the  metal  when  it  becomes  soft 
by  heat.  By  means  of  corks,  attach  to  one  end  of  ihis  tube  a  delivery- 
tube  leading  to  the  water-pan,  as  shown  in  the  figure,  and  connect  the 


Fig.  7. 


other  end  with  a  gas-holder  filled  with  air.  Light  the  lamps  (for  a 
description  of  these,  sob  Appendix,  5  6)  beneath  the  tube  which  eon- 
tains  the  copper  turnings,  and  wait  until  the  copper  has  become  red- 
hot  ;  then  allow  air  to  flow  slowly  out  of  the  gas-holder  over  the  hot 
metal.  The  heated  copper  will  combine  with  the  oxygen  of  this  air, 
and  retain  the  whole  of  it,  so  that  nothing  but  nitrogen  will  be  delivered 
at  the  water-pau.  This  nitrogen  maybe  collected  in  small  bottles  and 
testeJ  with  lighted  sphnters  of  wood,  which  should  be  instantly  ex- 
tinguished on  being  immeraed  in  it. 

23.  A  still  simpler  method  of  preparing  nitrogen  ia  to  bnm 
out  the  oxygen  from  a  confined  portion  of  air,  by  phosphorus,  or 
by  a  jet  of  hydrogen. 
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-E^.  13. — Float  a  small  porcelnin  capsiilo  upon  the  Burface  of  the 
water-pan ;  alai^  corli  must  he  placed  beneath  the  capsule  if  tho  latter 
will  not  float  of  itself.  In  the  capsule  put  about  a  cubic  centimetre  of 
phosphonta,  and  set  it  on  fire.  Invert  over  the  whole  a  wide -mouthed 
bottle,  of  the  capacity  of  a  litre  or  more,  and  hold  this  hottle  bo  that 
its  mouth  shall  dip  beneath  the  surface  of  the  water.  During  the  first 
moments  of  the  combustion,  the  heat  developed  thereby  will  cause  the 
air  within  the  bottle  to  expand  to  such  au  extent  that  a  few  bubbles 
of  the  air  will  be  exptlled ;  but  after  several  seconds  water  -will  rise 
into  the  bottle  to  take  the  place  of  the  oxygen  which  has  united  with 
die  phosphorus. 

The  dense  white  cloud,  which  filla  the  bottle  at  flist,  is  a  compound 
of  phosphorus  and  oxygen  which  is  soluble  in  water.  It  will,  there- 
fore, soon  bo  absorbed  by  the  water  in  the  pan,  and  will  disappear,  so 
that  at  the  close  of  the  experiment  nearly  pure  nitrogen  will,  be  left 
in  the  bottle.  But,  as  the  phosphorus  ceases  to  bum  before  the  last 
traces  of  oxygen  are  exhausted  (compare  5  180) ,  the  nitrogen  obtained 
by  this  method  is  never  absolutely  pure. 

As  soon  as  the  phosphorus  goes  out,  the  bottle  should  be  shaken  in 
such  a  way  that  the  porcelain  capsule  may  be  upset,  and  sunk  in  the 
water- pan.     The  properties  of  the  nitrogen  may  now  be  examined. 

24,  Nitrogen,  is  a  transparent,  colorless,  tasteless,  odorless, 
^  incondensable  gas.  It  is  not  quite  so  heavy  as  air.  If  a  mea- 
sure of  ail'  weigh  1  gramme,  then  an  equal  measure  of  nitrogen 
wiD  weigh  0-9714  gramme.  At  0°,  and  a  pressure  of  760  milli- 
metres of  mercury,  1  litre  of  nitrogen  weighs  1-256  gramme 
The  apeoific  heat  of  the  gas  is  0-244,  that  of  an  equal  weight  of 
water  being  1000.  A  litre  of  water  at  0°  dissolves  only  20  cubic 
centimetres  of  niti'ogen.  Its  refractive  power  in  regard  to  light 
is  to  that  of  atmospheric  air  as  1'034  to  1-000. 

2-5.  In  its  chemical  deportment  towards  other  siihstances,  nitro- 
gen is  remarkably  different  from  oxygen.  Whilst  oxygen  is 
active  and,  as  it  were,  aggressive,  nitrogen,  at  least  when  in  the 
condition  in  which  it  exists  in  air,  is  remarkably  inert  and 
indifferent  as  regards  entering  into  cambinatioa  with  other 
bodies.  It  is  marked  rather  by  the  absence  of  salient  oharaeter- 
istics  than  by  any  active  properties  of  its  own.  Ifany  of  the 
metals,  sulphar,  phosphorus,  and  numerous  other  substances,  may 
be  kept  unchanged  for  any  length  of  time  in  vessels  filled  wilb 
nitrogen.    A  burning  candle  will  instantly  be  extinguished  when 
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thrust  into  a  jar  of  nitrogen  gas,  for  with  the  nitrogen  the  con- 
stitueiita  of  the  candle  hare  no  tendency  to  eomhine. 

As  it  extinguishes  flame,  so  it  destroys  life.  Animals  cannot 
atmosphere  of  pure  nitrogen.  It  may,  indeed,  bo 
r  a  short  time  with  impunity,  but  it  does  not  support 
respiration.  It  is  not  poisonous ;  if  it  were,  it  could  not  be 
breathed  in  such  lai^  quantities  as  it  is  in  air.  An  animal  im- 
mei-sed  in  it  dies,  simply  from  want  of  oxygen. 

26.  As  a  diluent  of  the  oxygen  in  the  air,  nitrogen  is  essential 
to  the  existing  balance  and  order  of  Nature.  All  animal  and 
vegetable  life — most  inanimate  matter,  even — stands  in  harmo- 
nious relations  with  the  chemical  composition  of  the  atmosphere. 
The  presence  of  so  large  a  proportion  of  nitrogen  in  the  air  pre- 
vents the  too  rapid  action,  as  regards  combustion  and  respiration, 
that  would  take  plaoo  in  an  atmosphere  of  unmised  oxygen. 

Nitrogen  is  widely  ditfused  in  nature.  Besides  occurring  in 
the  air,  it  is  a  constituent  part  of  all  animals  and  vegetables,  and 
of  many  of  the  products  resulting  from  their  decomposition. 
Notwithstanding  the  indisposition  of  nitrogen  in  the  free  state  to 
enter  into  combination,  a  very  large  number  of  interesting  and 
important  compounds  can  he  formed  by  resorting  to  indirect 
methods  of  effecting  its  union  with  other  elements. 


CHAPTER    IV. 


27-  Another  natural  substance,  quite  as  common  as  air,  in 
water.  Three-fourths  of  the  earth's  surface  is  covered  with  it. 
It  is  diffused  through  the  atmosphere  in  the  form  of  vapor,  and 
is  a  constituent  of  all  animal  and  vegetable  substances,  and  of 
many  minerals.  We  take  up  next  this  familiar  substance,  in 
order  that  we  may  gain,  through  the  stndy  of  it,  a  deeper  insight 
into  chemical  principles,  and  enlarge  our  experience  by  making 
acquaintance  with  a  neur  element.  Let  us  first  define  T/ith  pre- 
cision the  external  and  physical  properties  of  water,  and  then 
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apply  the  two  ebemical  raetboda,  of  analysis  and  synthesis,  to  the 
closer  investigation  of  its  essential  nature. 

28.  At  the  ordinary  temperature  of  the  air,  pure  water  is  a 
transparent  liquid,  devoid  of  taste  or  smell.  In  thin  layers  it 
appears  to  be  colorless,  but  large  masses  of  it  are  distinctly  blue, 
as  seen  in  mid-ocean,  in  many  deep  lakes  of  pure  water,  and  in 
masses  of  ice,  such  as  icebergs  and  some  glaciers  where  it  is  pos- 
sible to  look  through  the  ice  from  below. 

This  color  can  be  seen  upon  the  small  scale  by  looting  down  througli 
a  column  of  pure  water,  3  metres  long,  upon  pieces  of  white  porcelain. 
The  water  may  be  held  in  a  glass  tube,  5  cm.  wide,  which  has  been 
blackened  internally  with  lamp-black  and  wax  to  within  1-25  cm.  of 
the  end,  -whieb  is  closed  by  a  cork.  Fill  the  tube  with  chemically 
pure  water,  throw  into  it  a  few  pieces  of  porcelain,  and  place  it  in  S 
vertical  position,  on  a  white  plate.  On  now  looking  through  the  co- 
lumn of  water  at  the  bits  of  porcelain,  which  can  only  be  illumined  by 
light  reflected  from  the  white  plate  through  the  rim  of  clear  glass,  it 
will  be  observed  that  they  exhibit  a  pure  blue  tint,  tie  intently  of 
which  will  diminish  in  proportion  as  the  column  of  water  is  shortened. 
The  blue  coloration  may  also  be  recognized  when  a  white  object  is 
illuminated  through  the  column  of  water,  by  sunlight,  and  seen  at 
the  bottom  of  the  tube  through  a  small  lateral  (Biening  in  the  black 
coating. 

29.  At  4°,  the  temperature  at  which  it  is  densest,  water  is 
773  times  heavier  than  air  at  0";  at  15°  it  is  819  times  heavier 
than  air  of  the  same  temperature.  A  cubic  centimetre  of  water 
at  its  greatest  density,  that  is,  at  4°,  weighed  in  a  vacuum,  ia  our 
unit  of  weight — a  gramme.  One  litre  of  water,  which  measures 
1000  cubic  centimetres,  therefore,  weighs  a  kilogramme.  "Water 
is  compressible  and  elastic;  by  the  pressure  of  one  atmosphere  it 
can  be  reduced  to  the  extent  of  about  47-millionth8  of  its  original 
volume,  and  this  ia  true  for  every  added  atmosphere  of  pressure 
BO  far  as  experiment  has  extended.  Water  expands  upon  being 
heated,  though  at  a  less  rate  than  other  liquids ;  the  rate  of  ex- 
pansion increases  with  the  temperature.  Notwithstanding  the 
feet  that  water  expands  when  cooled  below  4°,  as  well  as  when 
warmed  above  that  temperature,  its  refractive  power  on  light 
continues  io  increase  regularly  below  4°,  as  though  it  contracted. 
The  refractive    index    increases    continuously   between    +5-2° 
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and  — I'S",  tho  direction  of  the  variation  not  changing  ia  the 
passage  through  the  point  of  maximum  density.  At  0°  the  index 
is  1-333, 

30.  Pure  water  at  0°,  a  temperature  always  to  be  obtained  by 
melting  ice,  is  taten  as  a  standard  to  which  the  weights  of  equal 
bulks  of  other  substances,  hquid  or  solid,  a  9  referred.  In  otlior 
words,  the  specific  gravity  of  water  is  tak  u  as  1 ;  and  in  terms 
of  this  unit  the  specific  gravities  of  all  otl  ;r  liquid  and  solid  sub- 
stances are  expressed.  The  specific  gra  ity  of  gold,  for  example, 
is  19-3 ;  that  is  to  siv  the  weights  of  equal  bulks  of  water  and 
of  gold  are  to  one  anothei  as  1  tj  19  o 

31.  Water  is  also  the  standird  f  specific  heat  Bi  specific 
heats  are  meant  the  relative  capacities  for  heat  (f  the  sime 
weights  of  dftetent  substances  at  tho  bame  temptrature  For 
example,  to  raise  1  kibgramme  cf  mercury  from  0°  to  l^reqrares 
onlyone-thiitiethof  theqnantitj  of  heat  ne  fssaiyto  raise  1  kilo 
granime  of  water  from  0°  to  1°.  Water  having  been  made  the 
standard  of  specific  heat,  its  capacity  for  heat  is  denoted  by  1, 
and  that  of  mercury  will  accordingly  be  0033.  At  the  same 
temperature,  and  for  equal  weights,  water  has  a  greater  capacity 
for  heat  than  any  solid  or  liquid  known.  Hence  it  results  that 
the  specific  heats  of  all  solid  and  liquid  substances  are  expressed 
by  fractions. 

Water  conducts  heat  very  slowly;  it  may  be  boUed  many 
minutes  at  the  top  of  the  test-tube,  which  is  held  all  the  while 
by  the  lower  fend,  m  the  fingers,  T\ithout  inconvenience. 

32.  "When  e^tposed  to  <i  cerfiin  i^^gree  of  cold,  water  crystal- 
lizes, with  formation  of  ice,  or  snow  ccordmg  to  circumstances; 
and  upon  being  heited  sufficiently  it  is  transformed  into  an 
invisible  j;as,  called  steim  Both  theae  changes,  however,  are 
purely  phvsical,  and  therefore  do  not  f  11  mthin  tho  province  of 
this  manuii  The  cbemieel  composition  of  the  water  is  the 
same  whether  it  be  liquid  solid  or  gaseous  The  temperature 
at  which  ICC  melts  is  one  ot  the  f'xed  pomta  of  the  centigrade 
thermiimeter  numbered  0°,  and  the  temperature  at  which  water 
boil-i,  under  a  pressure  of  76  cm  of  mercury,  is  the  other  fixed 
point,  numbered  100°  Water  evaporates  at  all  temperatures, 
and  IB  therefore  a  coastant  ingredient  of  the  atmosphere.     Even 
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ice  alowly  evaporate'!,  at  terapct  ituies  far  helow  0°,  without  first 
passing  into  the  liquid  condition 

In  crystallizing,  that  la  to  siy,  in  assuming  the  solid  form, 
water  increases  in  volume.  The  specific  gravity  of  ice  is  only 
0-916,  which  is  equivalent  to  saying  that,  in  the  act  of  freezing, 
BIO  c.  c.  (cnhie  centimetres)  of  water  will  be  changed  into  a  liti'e 
of  ice.  From  this  fact  result  many  familiar  phenomena,  such  as 
the  floating  of  ice,  the  upheaving  and  disintegrating  action  of 
frost,  and  the  hursting  of  pipes  and  other  hollow  vessels  when 
water  is  frozen  in  them.  The  crystals  of  ico  belong  to  the  so- 
called  hexagonal  system ;  they  are  six-sided  prisms,  with  rejpjar 
faces  ;  by  agglomeration  they  produce  stellar  and  fem-Hke  forms 
of  infinite  variety  and  great  beauty.  Ice  is  a  slow  conductor  of 
heat,  and  a  non-conductor  of  eltctiicity.  It  becomes  electric  by 
friction. 

Steam  is  a  colorless,  transparent  gas,  as  invisible  as  atmo- 
spheric air.  It  is  lighter  than  air,  the  weight  of  any  given 
volume  of  steam,  at  the  ordinary  temperature,  being  to  that  of 
the  same  volume  of  air  as  0-622  to  1,  a  ratio  deduced  by  calcula- 
tion from  the  composition  of  steam.  At  100°,  the  boiling-point 
of  water,  the  ratio  of  the  weights  of  equal  volumes  of  steam  aad 
nir  is  0-45o  to  1,  and  one  volume  of  water  furnishes  about  1700 
volumes  of  steam,  of  100°,  When  steam  is  heated  by  itself,  with- 
out the  presence  of  any  liquid  water,  it  is  called  superheated 
steam ;  but  when  there  is  water  present,  so  that  no  excess  of 
heat  can  accuniiilate  in  the  steam,  above  tho  quantity  needed  for 
its  formation  under  the  pressure  at  which  it  exists,  the  steam  is 
called  saturated,  meaning  saturated  with  water.  When  steam 
escapes  into  the  air,  there  is  formed  a  multitude  of  little  bubbles 
or  vesicles,  composed  of  a  film  of  water  filled  with  air,  precisely 
similar  to  the  vesicles  seen  in  clouds  and  fogs.  This  sleam-cloud 
is  sometimes  improperly  spoken  of  as  steam  or  vapor,  an  error, 
against  which  the  student  should  be  upon  his  guard.  Similar 
fogs  of  air-filled  vesicles  arc  formed  whenever  the  atnfosphere  is 
eooled  to  a  temperature  so  low  that  the  aqueous  vapor  contiuned 
in  it  can  no  longer  exist  iu  the  gaseous  state. 

33.  Let  us  pass  now  to  the  analysis  of  water.  Of  what  ia 
water  composed?     We  can  determine  this  point  by  methods 
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similar  to  those  whith  were  adopted  m  the  examination  of  (ur 
There  are  se\eral  nn.ta!'!  whif  h  upoB  being  brought  iiitn  contact 
with  watei,  will  ahstriLt  trom  it  one  of  its  mgtcdiont'!,  in  the 
same  Wd.y  that  we  ha\e  seen  them  abstract  oxjgen  from  the  air 
Some  mi,tab  can  abstract  this  ingredient  e^en  at  tho  oidiiiary 
temperature  Thus  thp  metal  called  sodium,  on  being  bicught 
into  contact  with  water,  decomposes  it,  and,  uniting  with  one  of  ita 
conatitnents,  sets  free  another  as  a  gas.  This  new  gas  is  called 
Hydrogen. 

JErp.  14. — Make  a  small  cylinder  of  wire  gauze  by  rolling  a  piece  of 
fine  gauze,  abont  6  cm.  EC|uaTe,  around  a  thick  piece  of  No.  6  glass 
tubing.  Twist  line  wire  around  the  cylinder  in  order  to  preserve  its 
form,  then  slip  the  cylinder  off  the  glass,  and  close  one  end  of  it  by 
pressure  with  a  stout  pmr  of  pincers.  "Within  this  cylinder  of  wire 
gauze  place  a  piece  of  metallic  sodium  as  large  as  a  small  pea,  and 
then  close  the  upper  end  of  the  cyhnder  by  pressure  with  the  pincers, 
as  before.  Quickly  place  the  wire  gauze  cylinder  under  the  mouth  of 
a  small  bottle  of  100  or  200  c.  c  capacity,  which  has  preyiously  been 
filled  with  water  and  left  inverted  in  the  water-pan. 

As  soon  as  water  comes  in  contact  with  the  sodium,  bubbles  of  gas 
will  issue  from  the  wire  gauze  cage,  and,  rising  through  the  water, 
will  collect  at  the  top  of  the  inverted  bottle.  If  no  gaa  is  generated 
during  the  first  moment  after  the  wire  gauze  has  been  placed  in  the 
water,  move  the  botde  to  and  fro,  in  such  manner  that  the  gauze 
cylinder  may  be  shaken  about,  and  wafer  forced  through  its  interstices. 
As  soon  as  the  evolution  of  gas  has  ceased,  close  the  mouth  of  the 
bottle  with  a  small  plate  of  glass,  turn  it  mouth  uppermost,  remove  the 
plate,  and  touch  a  lighted  match  to  the  gas.  The  gas  will  l^e  fire 
with  a  sudden  flash. 

34.  At  a  low  red  heat  water  can  be  decomposed  by  several  of 
the  metals,  such  as  iron,  tin,  zinc,  and  magnesium.  Iron  is  well 
adapted  for  this  experiment. 

£xp.  15.— Provide  a  piece  of  iron  gas-pipe,  about  36  cm.  long,  and 
1  cm.  or  more  in  iniemal  diameter ;  fill  it  with  small,  bright  iron- 
turnings,  and  support  it  upon  a  ring  of  the  iron  stand  over  one  or  two 
wire-gauze  gas-lam.pa.  By  means  of  perforated  corks,  connect  with 
the  iron  tube,  ou  the  one  hand,  a  glass  delivery-tube  leading  to  the 
water-pan,  as  shown  in  the  figure,  and,  upon  tlie  other,  a  delivery-tube 
coming  from  a  thin-bottomed  glass  flask,  half  full  of  water,  and  sup- 
ported upon  B  ring  of  a  second  iron  stand.     Light  the  lamps  beneath 
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Qm  iron  tube,  and  wait  until  its  contenta  have  become  led-hot;  then 
heat  the  water  in  the  flaak  until  it  bnila  slowly.    As  the  aijueous 


vapor  pasiPS  over  the  hot  iron-turnings  it  will  he  decomposed,  one  of 
its  constituent'  will  unite  with  the  iron,  and  hydrogen  will  pass  off 
throuffh  the  dclivory-tuhe  and  may  be  collected  in  bottles  at  the 
water-pan,  so  -oon  as  the  air  originally  contained  in  tie  tubes  and 
flask  has  all  been  expelled. 

If,  at  the  close  of  this  experiment,  and  after  the  tube  has  hecome 
cold,  the  iron  be  removed  from  the  tuhe,  it  will  be  found  to  be  co- 
vered with  a  black  coating  similar  to  that  which  forms  on  iron  heated 
in  the  air. 

33.  By  these  experiments  it  has  been  proved  that  one  of'  the 
components  of  water  is  a  gas  called  hydrogen.  But  with  the 
exception  of  the  coating  upon  the  iron  of  Esp.  15,  we  have  as 
yet  nothing  to  indicate  what  other  ingredients  the  water  may 
contain.  Such  evidence  can,  however,  bo  readily  obtained  by 
resorting  to  another  method  of  analysis.  If  a  galvanic  current  is 
caused  to  flow  through  water,  the  force  by  which  the  constituents 
of  the  water  ore  held  together  will  be  overcome,  and  the  water 
mil  be  resolved  into  the  elements  of  which  it  is  composed.  On 
immersing  the  platinum  poles  of  a  galvanic  buttery  in  water,  to 
which  a  little  sulphuric  acid  has  been  added  for  the  purpose  of 
increasing  its  con  ducting-power,  minute  bubbles  of  gas  will  im- 
mediately be  given  off  from  these  poles,  and  will  be  seen  rising 
through  the  liquid.  We  have  here  abundant  proof  of  the  power- 
ful action  exerted  by  the  battery  upon  the  water.  But  the  es- 
periroent  will  be  much  more  satisfactory  if  it  be  made  in  a 
vessel  so  arrnnged  that  the  evolved  gases  may  be  collected  for 
examination. 
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For  thia  purpose  the  apparatus  shnwn  in  Fin;  9  can  be        Fig  9 
conTeniently  cmplovod      The  teat  nlas'    nearly  full  of 
water  which  has  been  mi\ed  with  fium   ^  t*  -J    f  sul 
phuric  acid,  camef  two  platm  im  wires  ce  i  ented  with 
she!laj3  into  the  glis*      Theae  wirua  terminate  abo\e  in 
thin  platea  of  platinum     oyer  each  ot  theae  plates  there 
is  inverted  a  long  narrow  teat  tube  full  of  w  atei   aeidu 
latijd  in  the  same  wiy  as  that  in  the  test  glass      Upon 
connotating  the  wires   with   a  gahaniu   battery  —  U 
Bunsen's  cells  of  medium  size  will  be  sufficient — t 
water  will  be  decomp  a'-d   and  the  resultmg  gase" 
they  are  given  olF  at  the  platinum  plate"  will  nse  trans 
parent  and  eolorleaa  into  the  test  tubes      On  comparing 
the  bulks  of  the  t  v  >  j,ase''  it  will  be  found  that  tw  te  as    . 
much  gas  has  collected  m  the  one  tube  as  in  the  other 
If  the  test-tube  contajnin^  th    lar^r  i  olume  of  gas  \ 
now  closed  with  the  thumb    turned  mouth  upparmjs 
and  the  gaa  withm  touLhed  with  a  lighted  match   it  ^  ill  take  tire 
and  bum  with  the  char'u.tenHtic  flame  of  hydrogen      It  is,  in  fact, 
hydrogen. 

If  the  smaller  volume  of  gas  m  the  other  tube  be  examined  in  the 
same  way,  it  will  not  inflame,  althoug-h  it  gives  intense  brilliancy  to 
the  combustion  of  the  match.  If  a  splinter  of  wood,  retaining  but  a 
single  ignited  spark,  be  immersed  in  the  gas,  it  instantly  exhibits  a 
vivid  incandeacence,  and  in  a  moment  bursts  into  flame.  This  gaa  is 
oxygon.  It  is  thus  proved  that  out  of  water  may  be  unloosed  two 
volumes  of  hydrogen  and  one  volume  of  oxygen. 

If  now  the  platinum  plates  be  pressed  so  near  together  that  a  single 
large  test-tube,  full  of  acidulated  water,  can  bo  placed  over  both,  the 
gaa  obtained  by  passing  the  galvanic  current  will  exhibit  properties 
diflering  from  those  of  either  hydrogen  or  oxygen.  It  is  in  fact  a 
mechanical  mixture  of  these  gases  in  the  proportions  in  which  they 
would  unite  chemically  to  form  water.  The  mixture  is  precisely 
similar  to  that  which  would  have  been  obtained  if  the  two  volumes  of 
hydrogen  and  one  volume  of  oxygen,  previously  collected  in  two  sepa^ 
rate  tubes,  had  been  mixed  in  one.  On  touching'  a  lighted  match  to 
the  mixed  gas  it  instantly  explodes  with  great  violence,  the  hydrogen 
burning  suddenly,  so  that  for  a  moment  a  flash  of  flame  fllla  the  whole 
interior  of  the  tube.  Incited  by  the  burning  match,  the  hydrogen  and 
oxygen  have  combined  chemically  to  form  water,  a  portion  of  which 
is  deposited  as  dew  upon  the  inner  walls  of  the  tube. 

At  the  temperature  of  the  air,  and  under  ordinary  oiroum- 
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stances,  osygen  and  hydrogen  do  not  combine  ohemically,  UpoE 
being  brouglit  together  they  simply  mix  with  one  another  mecha- 
nically in  conformity  with  the  physical  laws  which  govern  the 
diifusion  of  gases.  But  under  the  influence  of  heat,  of  electricity, 
and  of  certain  other  agents,  the  two  gases  will  unite  chemically, 
and  will  thus  again  be  converted  into  the  water  from  which  they 
were  derired. 

36.  It  remains  to  be  investigated  whether  hydrogen  and  osy- 
gen, during  their  conversion  into  water,  undergo  any  change  of 
volume,  or  merely  combine  to  produce  a  measure  of  gaseous 
water  exactly  equal  to  the  sum  of  the  measures  of  the  consti- 
tuents. To  determine  this  point  it  is  nocessaiy  to  compare  the 
joint  volumes  of  the  constituents  of  the  water  with  the  volume  of 
the  product  formed,  at  a  temperature  high  enough  to  maintain 
the  latter  in  the  purely  gaseous  condition  known  as  dry  steam. 

Through  Ihe  closed  ond  of  a  U-tuhe  (Fig.  10)  two  platinum  wires  axe 
passed,  and  welded  tightly  to  ihe  glass  walls  of  tho  tube.  The  outer 
ends  of  these  wires  ai'e  formed  into  loops  for  the  attachment  of  appro- 
Fig.  11. 


:  are  separated  by  a  distance  of 
j-ement  of  the  apparatus  to  be 
fig  11  The  U-tube  is  first  completely  filled 
with  mercury,  aud  then  the  screw- compressor  (Appendix,  §  16)  at  a 
is  opened  so  as  to  afford  a  gradual  exit  to  the  met*d  in  the  open  limb. 
By  means  of  a  delivery-tube  reacliing  down  the  open  limb  to  the  bend 
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26  glKTHBSIS  OE  WAIBE. 

of  the  tube,  w  t  d  f  m  g  h  Id  (  App  d  S  U)  « 
q^uantit  J  ofamt  fjK  dtjd  md         tlpp- 

tions  in  whiih  th      f    m       t     —  1     tw    th   d    h^d  d 

one-tLird  ox\,k     —  d        h      m  th  t  th     gas    h  U  b  bbl      p 

through  the  m  uif  t  th  1  d  1  b  f  m  h  h  f  co  the 
mercury  escape    asth^         tnAlra      t  gas  SO    m. 

hijfh  is  thus   dm  tt  d 

It  must  be  bm  dthtthmt        fh.d^naid     ,gn 

is  vetv  esplosive  i  flra  should  he  carelullj  kept  away  from  the  vicinity 
of  the  gas-holder  which  contains  it,  aud  any  remnant  of  the  mixture 
which  is  not  used  should  be  thrown  away  at  the  end  of  the  experiment. 

The  pas-BIled  limb  of  the  U-tube  is  next  aurrounded  by  a  high  glass 
cylinder,  b  c,  the  ends  of  which  are  fitted  with  corks ;  through  the 
lower  cork  pass  the  U'tube,  and  a  small  glass  tube,  which  is  connected 
with  a  condensing  womi,  d,  kept  cool  with  water ;  through  the  upper 
cork  paas  the  wires  which  are  to  carry  the  electric  current  to  the  pla- 
tinum points  at  the  top  of  the  U-tube,  and  a  bent  glass  tube  coming 
from  the  flask,  e.  The  top  of  the  cylinder  b  e  rises  about  5  cm,  above 
the  sealed  extremity  of  the  U-tube.  In  the  flask  e,  fusel  oil,  a  liquid 
which  boils  at  13S°,  a  point  much  higher  than  the  temperature  at 
which  water  becomes  a  gas,  is  kept  in  constant  ebullition.  The  vapor 
rising  from  the  flask  penetrates  the  annular  space  between  the  U-tub« 
and  the  enclosing  cylinder,  and  C[uickly  raises  the  tube  to  its  own  tem- 
perature. These  strong- smelling  vapors  are  not  allowed  to  escape  into 
the  atmosphere,  but  are  carried  out  from  the  bottom  of  the  cylinder 
6  c,  into  the  condenser  d. 

When  thus  heated,  the  column  of  mixed  oxygen  and  hydrogen  in 
the  tube  expands,  and  its  height  is  marked  by  a  caoutchouc  ring,  pre- 
viously slipped  over  the  cylinder  ic.  Care  must  be  taken,  before  doing 
this,  to  bring  the  mercury  to  the  same  level  in  both  limbs  of  the  U- 
tube,  by  adding  or  withdrawing  mercury  as  may  be  required.  A  few 
centametres  of  mercury  ate  nest  poured  into  the  open  limb,  which  is 
then  closed  with  a  good  cork  Between  th's  cork  and  the  mercury 
intervenes  a  column  of  air,  8  or  10  c  m  m  length,  which  will  act  as  a 
spring,  and  breik  the  shock  caused  by  the  explosion  of  the  miied 
gasea.  This  mixture  is  now  to  be  mflamed  by  causing  an  electnc 
spark  to  pass  betncn  the  platinum  pomts  within  the  tube  This 
spark  may  be  obtained  from  a  Euhmkorff  co  1  or  from  an  electrical 
machine.  The  ga=p-  inatanth  rush  into  combination,  with  an  intense 
energy  which  produces  the  phenomena  called  esplosive,  and  at  the 
high  temperature  which  exists  within  the  tube  (132^)  the  water 
formed  retains  the  gaseous  condition.    On  removing  the  cork,  and 
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allowing  Uie  mercury  to  flow  through  the  screw-compressor  until  it 
is  leyel  in  both  limbs  of  the  U-tubo,  it  becomes  obvious  that  the  ori- 
ginal Tolume  of  the  gaseous  mixture  is  diminished  by  one-third;  the 
residuary  two-thirds  are  dry  ateam.  If  the  U-tube  is  allowed  to  cool, 
this  steam  will  condense  into  liquid  water. 

Fi^B.  12  and  13  represent  another  form  of  apparatus  for  performing 
this  important  expeiin  en*.  InFJg.  12  the  U-tube  of  Fig.  H  is  replaced 


Fig.  14. 


by  an  iron  U,  such  as  is  used  in  connecting  parallel  steam  pipes,  into 
which  two  straight  glass  tubes  are  fitted  by  means  Oi  caoutchouc 
stoppers.  One  of  these  tubes  is  dosed  at  one  end,  carries  two  platinum 
wires,  and  may  be  graduated  with  advantage ;  the  other  is  a  plain 
tube  open  at  both  ends.  The  iron  U  is  fastened  to  a  solid  iron  foot, 
and  into  its  side  a  small  iron  tube  is  inserted,  to  ■which  ii  attiched  a 
caoutchouc  connector  with  a  screw  compressor,  ai  m  the  othei  app&- 
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ratiis.  The  jacket-tube  (Fig.  13)  is  a  large  tube,  open  at  tbe  bottom 
and  closed  at  the  top  with  a  caoutchouc  stopper  carrving  the  delivery- 
tube  for  the  hot  vapor ;  near  Ihe  bottom  an  esit-tuhe  for  the  vapor  is 
welded  into  the  glass.  This  jacket-tube,  ■when  in  position,  slips 
tightly  ocer  the  same  caoutchouc  stopper  through  which  passes  the 
graduated  tube.  The  advantages  of  this  apparatus  are  that  its  parts 
are  not  rigid,  that  it  may  be  taken  apart  for  cleaning,  and  that  it  may 
be  made  with  greater  ease  and  fuwer  resources  than  the  other  appa- 
ratus. It  is,  moreover,  capable  of  very  general  application  in  the 
analysis  of  gases.  Fig.  14  shows  the  ease  with  which  the  closed  limb 
of  tbe  U-tubo  in  this  apparatus  may  he  chai^d.  The  closed  limb  and 
the  iron  U  be       f  11    f  ury,  and  the  apparatus  placed  in  an  iron 

pan  suited  to      t  h  tl  li  w  of  mercury,  the  long  open  tube  is 

taken  away,  and  th    b     t  delivery  tube  is  inserted  beneath  the 

closed  limb  th  gh  th  n  U.  The  iron  U  acts  simply  like  the 
water-pan  or  pn  m  t  t  1 .  "When  the  required  amount  of  gas 
has  been  intrtd  d  th  p  lass  tube  is  replaced,  and  the  level  of 
mercurv  in  th    tw    t  b  adjusted  at  will.     For  the  experiment 

now  under  consideration,  it  is  well  to  employ  the  actual  mixture  ot 
gases  obtained  by  the  electrolysis  of  water ;  and  Fig.  14  represents  a 
simple  bottle  provided  with  two  platinum  plates  and  a  single  delivery- 
tube  for  this  purpose.  The  gas  evolved  is  dried  by  passing  over  an 
absorbent  called  chloride  of  calcium  in  a  "drying- 
tube"  (Appendix,  5  15).  The  only  noticeable  feature  Fig.  15. 
in  this  apparatus  for  electrolysis  is  the  manner  in  which 
the  wires  from  the  battery  are  connected  with  the  pla- 
tinum plates.  This  is  more  clearly  shown  in  Fig.  15.  [ 
There  passes  through  the  caoutchouc  stopper  a  short  j 
piece  of  glass  tubing,  open  at  the  top  and  drawn  to  a  ' 
point  at  Uie  lower  end,  so  as  to  enclose  and  hold  tightly 
a  piece  of  platinum  wire,  aS  large  as  a  common  knit- 
ting-needle, previously  placed  within  it.  With  tie  wire 
thus  welded  to  the  glass  is  connected  a  thin  plate  of 
platinum,  which  bangs  in  the  liquid  to  be  decom- 
posed; this  plate  maybe  folded  or  rolled  up.  A  little 
mercury  is  poured  into  the  glass  tubes,  and  the  battery-vi 
simply  placed  in  the  mercury  when  the  operator  desires  ti 


This  experiment  demonstrates  that  two  volumes  of  hydrogen 
ind  one  volume  of  oxygen  are  compacted,  when  chemically 
inited,  into  two  volumes  of  steam, 

37.  We  have  thus  established  the  composition  of  water  by 
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analysis,  having,  thiougli  the  agency  of  the  electric  current,  re- 
solved water  into  two  gaseous  coBstituenta,  hydrogen  and  oxygen, 
and, we  have  also  demonstrated,  by  the  converse  or  synthetical 
method,  that  hydrogen  and  oxj-gen  are  ita  only  constituents, 
since  we  have  reproduced  water  by  effecting  the  chemical  union 
of  these  two  elementary  materials  mixed  in  due  proportion. 

If  eq^ual  volumes  of  hydrogen  and  oxygen  be  represented 
by  equal  squares,  having  the  initials  of  the  elements  inscribed 
therein,  the  composition  of  water  by  volume,  and  the  eondeasa- 
tion  which  occurs  when  the  chemical  union  of  the  elements  takes 
place,  may  be  thus  expressed  to  the  eye : 

Each   smallest    possible    or 

greatest  conceivable  volume  of  |  ji  I 

steam  will  invariably  yield,  on  I 1 

decomposition,  its  own  volume  r 1 

of  hydrogen,  and  half  its  vo-      H 
lume  of  oxygen  

38  It  has  been  a^eed  to  call  b;  the  name  a  the  8n  -dlett 
quantity  of  an  element  which  an  be  conceived  to  exist  in  c  m 
bmatiou  this  teehmcd  term  is  applied  only  to  the  ch  mioal 
elem  nt"*  ^ud  to  ertai  i  chemioil  knots  oi  ftioups  of  lements 
whifh  uudcr  conditions  hereaft«i  to  be  stiidi  d  play  the  part  ol 
an  element 

It  has  further  been  asp'  ed  inon^  chen  ists  to  ctU  by  the 
name  molfeule  the  lejst  quantity  of  a  compound  or  of  an 
element  whi  h  can  exist  by  itself  ni  con  1  ned  or  tako  part  in 
any  chemicil  procesi  a  nolecde  alwajs  contains  mDre  than 
one  itom  hut  these  atoms  may  be  either  of  one  two  or  of 
several  kinds 

39  Physical  exper  ments  upon  tl  e  expans  on  and  contraction 
of  numerous  gasc  simple  and  compoiid  hive  pr  ved  that  all 
gases  compoit  tbeniflvcs  m  seisbly  the  same  mai  ner  under 
like  vanations  (f  temperature  and  pressure  whence  it  has  been 
inferred  th"it  the  intimate  mei,hanical  structure  of  all  gasc?  com- 
pound as  weD  as  simple  is  the  same  This  theoret  dl  concep- 
tion IS  expressed  m  the  fcUowinp  pro[  s  tiou"  ot  wl  ch  the 
second  is  the  moie  general  and  includes  th    first  — 
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The  elementary  gases  contain,  under  like  conditions  of  tem- 
perature and  pressure,  eq^ual  numbers  of  atoms  ia  equal  vo- 
lumes. 

Equal  volumes  of  all  gases,  whether  simple  or  compound,  eon- 
tain  under  like  conditions,  the  same  number  of  molecules. 

The  idea  of  an  atom  is  complete  and  independent  in  itself ;  the 
idea  of  a  molecule  is  partly  a  consequent  of  the  idea  of  an  atom, 
anl  partly  of  the  phya  ed  facts  which  the  definit  on  1  dps  t) 
formulate 

These  defimtions  and  hypotLeiei  have  fomd  acceptance  partly 
on  the  stie  gth  of  expeiimental  evilcnce  partly  hecau'se  of  their 
adaptation  to  the  loathematioal  mode  of  mvesbgiting  physi  al 
problems  which  border  on  the  domain  of  chemistry  but  chi  fly 
on  account  of  the  cleimess  and  f  rmil  consistency  wh  h  they 
have  imparted  to  chemi  al  Hngiage  and  modes  of  thought 
Chemical  sjmbol  7  ition  and  nome  clature  are  mamly  based  on 
the  above  definitions  and  hvpotboaes  which  therefore  justly  de 
mand  the  student  i  closest  attention  Let  us  apply  them  to  the 
hemital  compound  witor 

40  The  mnleaule  txi  water  or  least  quantity  of  w  ater  which  is 
conceived  to  exist  by  itaelf  must  yield  like  any  other  juaut  ty 
when  resolved  into  its  elements  twi  e  aslargea  vclumeofhvdro 
gen  as  of  oxygen.  In  accordance  with  the  physical  hypothesis 
above  explained,  the  molecule  must  consequently  contain  twice 
as  many  atoms  of  hydrogen  as  of  oxygen.  The  bulk  and  weight 
of  the  molecule  and  atom  are  not  absolute  quantities,  on  account 
of  their  assumed  infinitesimal  character.  None  but  relative  facta 
can  be  known  touching  these  hypothetical  quantities,  which  are 
both  less  than  any  assignable  quantity,  although  one  must  be 
smaller  than  the  other,  "We  shall  express  in  the  simplest  terms 
all  our  actual  knowledge  of  the  matter,  and  shaU  at  the  same  time 
conform  to  our  definitions,  in  saying  that  a  molecule  of  water 
contains  two  atoms  of  hydrogen  and  one  atom  of  oxygen.  The 
symbol  H^O  which  we  have  already  used  to  indicate  the  volume- 
tric composition  of  water  (§  37)  wiU  now  receive  an  added  mean- 
ing ;  the  H  will  represent  for  us  an  atom  of  hydrogen,  and  the  0 
an  atom  of  oxygen. 
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When  tlie  proportions  in  which  two  bodies  combine  by  volnmo, 
End  their  specific  grav  t  es  or  equal  volume  weights,  are  known, 
it  is  a  matter  of  easy  calculat  on  to  determine  the  proportions  in 
which  they  combine  by  we  ght  The  speeifi.c  gravity  of  oxygen, 
or  its  density  compared  with  that  of  air,  has  already  been  given, 
namelj",  1-1056.  Thespecifi  gravity  of  hydrogen  likewise  referred 
to  air  as  the  term  of  comparison,  has  been  found  by  the  most  exact 
experiments  yet  made  to  be  0'06926.  Oxygen  is  therefore  16 
times  heavier  than  hydrogen.  If  hydrogen  be  made  the  standard 
o£  specific  gravity  for  gases,  its  specific  gravity  will  be  denoted 
by  1,  and  that  of  oxygen  will  be  16.  Now  any  measure  of  dry 
stotim  IS,  as  we  have  seen,  resolvable  into  its  own  measure  of 
hydrogen  and  half  that  measure  of  oxygen  ;  the  weights  of  equal 
measures  of  hydrogen  and  oxygen  are  as  1  to  16 :  but  there  is 
twice  a*!  much  hydrogen  as  oxygen  in  bulk,  therefore  the  weight 
ot  the  hydrogen  generated  from  any  quantity  of  water,  small  or 
great,  is  to  the  weight  of  the  oxygen  simultaneously  produced,  aa 
2  to  16.  In  18  parts  by  weight  of  ste'am,  water,  or  ice,  there  are 
then  2  parts  by  weight  of  hydrogen  and  16  of  oxygen :  and  it 
matters  not  what  the  absolute  weight  of  these  jiarts  may  bo  ;  the 
proposition  is  as  true  of  kilogram.mes  as  of  grammes,  of  the  milli- 
gramme aa  of  the  millionth  of  the  milligramme  of  water,  in  either 
of  its  physical  states. 

Applying  these  facts  of  observation  to  our  abstract  definitions 
of  molecule  and  atom,  it  will  appear  that  the  molecule  of  water, 
the  least  proportional  weight  in  whith  it  is  conceived  to  exist 
uneombined,  must  be  composed,  like  any  other  mass  of  water,  of 
2  parts  by  weight  of  hydrogen,  and  18  parts  by  weight  of  oxygen; 
but  in  conformity  with  our  definitions  and  hypotheses  we  conceive 
of  the  molecule  as  consisting  of  two  atoms  of  hydrogen  and  one 
of  oxygen ;  one  proportional  part  by  weight  of  hydrogen  is  then, 
in  chemical  language,  synonymous  with  one  atom  of  hydrogen ,  and 
16  of  the  same  parts  by  weight  is  the  relative  quantity  of  the 
atom  of  oxygen.  As  for  volume,  so  for  weight,  absolute  quantities 
are  entirely  unattainable  ;  the  numbers  express  proportions  only. 
The  numbers  1  and  16  are  called  the  atomic  weiffhts  of  hydrogen 
and  oxygen  respectively ;  they  express  tixo  ^rojjortiona  by  weight 
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in  which  these  two  elements  enter  into  comhLnation.  If  these 
numbers  be  borne  in  mind,  the  symbol  of  wat«r,  iT^O,  will  always 
remind  us  that  water  consists  of  1  part  hy  weight  of  hydrogen 
and  8  parts  of  oxygon. 

That  any  given  weight  of  water,  as  for  example  one  gramme, 
is  one-ninth  hydrogen  and  eight-ninths  oxygen,  is  a  fact  capable 
of  experimental  demonstration.  It  is  not  difficult  to  decompose 
a  convenient  weight  of  water,  and  to  actually  weigh  separately 
the  hydrogen  and  the  oxygen  which  are  produced ;  the  weights 
of  the  two  gases  will  invariably  be  to  each  other  as  1  to  8  or  as 
2  to  16.  The  great  value  of  tlie  symbols  used  in  chemistry  may 
he  weU  illustrated  by  the  amount  of  information  condensed  into 
the  concise  expression  H^O :  we  learn  from  it  the  number  and 
names  of  the  elements  entering  into  the  composition  of  water,  and 
the  ratios  in  which  the  elements  are  united  by  volume  and  by 
weight. 

41.  This  discussion  of  the  constitution  of  water  rests  upon  two 
solid  facts  of  observation,  namely  the  composition  of  water  by 
volume  and  its  composition  by  weight ;  all  else  is  plausible  hypo- 
thesis and  convenient  theory.  The  strong  chemical  compound, 
water,  admirably  illustrates  the  essential  changes  which  the  ele- 
ments undergo,  when  they  are  joined  together  by  that  peculiar 
force  whose  play  it  is  the  object  of  chemistry  to  study.  Nothing 
can  be  more  striking  than  the  contrast  between  the  properties  of 
hydrogen  and  oxygen  gases,  or  of  a  mechanical  mixture  of  these 
elements,  and  those  of  the  liquid  water  which  i*;  produced  by  th  ir 
chemical  union  evtn  in  dry  steim  a  prominent  pioperfy  of 
hydrogen  (inflammability)  and  a  marked  chirac  tins  tic  of  o\jgen 
(power  of  supporting  combustion)  entirely  disappear  In  metha- 
nical  mixtures  the  constituents  may  be  mmgled  in  iny  propor 
tions;  in  chemical  compounds  the  elements  are  forciblj  united 
in  definite  volumetric  and  ponderal  proportion*!  and  the  indivi- 
duality of  the  elements  is  lost  m  the  formation  of  a  new  <!ub- 
stance  with  new  pioperties  The  Chbmh,ai.  Fohoe  ib  a  peculiar 
power,  distinct  from,  though  akin  to,  the  for.^s  of  Light,  Heat, 
and  Electricity ;  it  is  tho  province  of  chemistry  to  investigate  the 
conditions,  modes,  and  effects  of  its  action. 
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42.  Having  thus  succeeded  in  determining  the  eonatituents  of 
air  and  water,  we  are  aaturaJly  led  to  inquire  whetlier  it  be  not 
possible  to  resolve  osj-gen,  nitrogen,  and  hydrogen  themselves 
into  simpler  forms  of  matter.  To  this  question  but  one  answer 
can  be  made — the  result  of  the  accumulated  experience  of  many 
philosophers  of  this  and  former  generations — namely,  that  oxj'gen , 
nitrogen,  and  hydrogen  are  incapable  of  decomposition  by  ar,y 
moans  as  yet  at  our  disposii  Thev  resist  the  moat  powerful  influ- 
ences of  electricity  and  heat  and  they  issue  unchanged  from  every 
variety  and  form  of  chemical  reaction  hitherto  devised  in  iie 
hope  of  resolving  them  into  simpler  forma  of  matter.  We  are, 
therefore,  justilied  m  rtgardm^  these  gases  as  simple  bodies,  or 
elements,  in  contiadi&tinction  to  decomposable  bodiea,  such  as  air 
and  water 

43.  The  water  which  occurs  m  nature  is  never  absolutely  pure. 
In  the  form  of  ii*,  and  as  it  falls  from  the  clouda  as  rain  or  snow, 
it  is,  indeed,  tolerably  free  from  foreign  suh.tanoes;  bitt  after 
having  once  soaked  into  the  ground,  ii  becomes  charged  with  a 
variety  of  mineral  and  other  subatancea,  which,  being  soluble  in 
water,  are  dissolved  by  it  as  it  trickles  through  the  earth. 

Where  the  proportion  of  soluble  matter  contained  in  the  water 
is  unusually  large,  and  particularly  if  it  possesses  marked  medi- 
cinal properties,  the  water  is  called  mineral  water,  and  the  springs 
from  which  it  issues  are  known  as  mineral  springs.  Sea-water 
may  be  regarded  as  a  variety  of  mineral  water. 

44.  For  the  conduct  of  chemical  investigations  it  is  often  neces- 
aary  to  purify  natural  water.  This  is  done  by  a  process  called 
distillation.  As  a  general  rule  distilled  water  is  employed  in  all 
delicato  chemical  operations. 

Etp.  16.— Into  ftretortofSOOcc.  capacity,  put  200  or  300  c  c.  of 
well-water.  Tlirust  the  neck  of  the  retort  into  a  half-litre  receiver 
placed  in  a  pan  of  cold  water.  Cover  the  receiverwith  a  cloth,  or  with 
coarse  paper,  and  upon  this  pour  cold  water  from  time  to  time,  or  pile 
upon  it  fragments  of  ice.  Place  the  retort  upon  wire  gau^e,  on  a  ring 
otthe  iron  lamp-stand,  and  adjust  the  distance  of  the  retort  from  the 
lamp  as  described  in  Exp.  fi,  Fig.  3,  Light  the  lamp  beneath  the  re- 
tort, and  bring  the  water  to  boiling.  As  fast  as  the  water  in  the  re- 
tort b  converted  into  steam,  this  vapor  will,  pass  over  into  the  cold 


.y  Google 


34  I)ISTILT,ATIO(r. 

receiver,  Bnd  w'U  tliere  be  cnndenaed  again  to  fte  liquid  eondition. 

Contnue  to  bul  until  about  three  quarters  of  the  water  in  the.retorl 

has  evaporated 

The  earthy  and  sabne  m^edienti  of  well  water  a 

part  not  volatile,  ■very  few  ot  them,  aie 

capable   of  accorapanvm^  the  water  aa  it 

goes  off  in  vapor ,  hence  the  greater  part  of 

the  original  irapunty  of  the  water  will  re- 
main behind  in  the  retort. 

Besides  the  non-volatile  impuiities,  there  J 

are  often  contained  in  well-water  ceitain 

volatile  aubstaaicos,  such  aa  emmoniacal  salts 

and  oreanic  matter,  whirh  pass  over  mto 

the  receiver  with  the  aqueous  vapor ,   but 

since  it  has  been  found  that  most  of  these  (< 

volatile  matters  go  over  with  the  first  por- 
tions of  the  ateam,  it  is  only  necessary  to  throw  away  that  portion  of 
the  distillate  whieh  is  first  condensed,  in  order  to  obtain  thereafter 
water  of  a  high  de^ee  of  purity. 

This  experiment  must  not  only  he  so  regulated  that  the  retort  shall 
not  boil  over,  hut  care  must  be  taken  that  vapor  alone  shall  paas  off. 
The  ebullition  should  be  so  moderate  that  none  of  the  particles  of 
water  whieh  are  thrown  up  mechanically  from  the  surface  of  the  liquid 
can  be  projected  into  the  neck  of  the  retort,  or  carried  thither  by  the 
current  of  steam, 

45.  In  the  operation  of  distillation  the  substance  to  be  distilled 
must  in  the  first  place  be  converted  into  the  eondition  of  vapor, 
this  vapor  must  next  be  transferred  to  another  vessel,  and  there, 
by  refrigeration,  he  again  condensed  to  the  liquid  state.  As  will 
appear  from  the  foregoing  experiment,  the  vaporization  ia  effected 
in  the  retort  or  still,  and  the  refrigeration  in  the  condenser.  In 
the  experiment  above  given  the  receiver  acta  at  once  as  receiver 
and  condenser ;  but  a  far  more  efBcient  apparatus  can  be  con- 
straeted  by  interposing  a  long  tube  between  the  retort  and  the 
receiver,  Tiiis  tube  may  be  wrapped  with  cloths  upon  which 
bits  of  ice  are  laid,  or  water  is  poured ;  or  better,  the  tube  may 
be  enclosed  in  a  larger  tube,  or  a  metallic  pipe,  through  which  a 
current  of  cold  water  is  made  tu  circulate.  The  water,  whieh 
may  he  iced  if  need  be,  is  poured  in  through  the  funnel  at  the 
lower  end  of. the  tubq,  and  paasea  out  at  the  top  (Fig.  17).     This 
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exceedingly  convenient  and  valuable  form  of  condenser  was  la- 
mented by  Weigel;  it  is,  however,  commonly  called  Liebig's. 

Exp.  17.— Place  a  few  drops  of  the  distilled  water  obtained  in  the 
preceding  experiment  upon  a  piece  of  platinum  foil  (Appendix,  5  13), 
Hold  the  foil  with  iron  pincera  above  the  gas-flame  in  Bnch  a  manner 
that  the  liquid   may  slowly  ~     ,„ 

evaporate  without  boiling  or 
spirting.  After  the  water  has 
disappearecl,  no  residue  will 
be  found  upon  the  foil.  Take 
out  of  the  retort  the  same 
numberof  drops  of  water,  and 
evaporate  them  upon  the  foil 
as  before.  A  very  decided 
residue  of  earth;  matter  w  11 
be  left  upon  the  foil. 

46.  In  this  countrv  where  ice  can  Tie  h  d  in  abundance  at  all 
times,  it  may  often  be  employed  as  a  conven  enf  hubstitute  for 
distilled  water.  In  freezing  that  is  m  crystallizing  water  re 
jects  a  great  part  of  tlie  fore  gn  subs.t'inces  which  weie  dissolved 
in  it.  Hence,  by  collect  ng  ice  and  reirelting  it  there  can  be 
obtained  water  which  is  nearly  pure 

Eain-water,  also  espec  illv  that  whi^h  his  been  colleeted  m 
the  open  country,  is  ctten  pure  enough  to  be  nsel  for  chemical 


47,  But  even  after  all  the  mineral  and  all  the  organic  matters 
have  been  removed,  the  water  is  not  yet  absolutely  pure.  It  still 
contains  oxygen  and  nitrogen  in  solution.  Both  of  these  gases 
are  soluble  in  water  to  a  certain  extent;  and  since  the  water 
upon  the  surface  of  the  earth  is  all  the  while  in  contact  with  air, 
it  must  necessarily  become  charged  with  the  constituents  of  the 
air.  A  method  of  collecting  these  gases  for  examination  will  be 
described  in  a  subsequent  chapter ;  we  are  here  more  particularly 
concerned  with  their  removal.  This  may  be  effected  by  long- 
continued  boiling. 

Exp.  19. — In  a  common  long-nected  mediwne-phial  of  thin  "  blown" 
glass,  and  of  the  capacity  of  about  half  a  litre,  place  300  or  400  c.  c.  o( 
recently  distilled  water.    Draw  out  and  bend  the  neck  of  the  phial,  as 
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showD  in  Fig.  18,  and  tie  upon  ita  point  a  aiiort  piec«  of  caoutchouc 

tubing.     Boil  the  water  steadily  during  half 

an  hour.     Finallj,  nip  the  open  end  of  the  S-  ■'■"■ 

caoutchouc  tube,  at  the  same  moment  remove 

the  lamp  from  beneath  the  flask,  and  inaiaEtly 

seat  the  neck  of  the  phial  by  directing  the 

flame  of  a  blowpipe  against  the  narrow  s' 

This  -water  can  now  be  preserved  for  an 

definite  length  of  time,  without  undergoing 

change.     Upon  inverting  tie  phial,  the  water, 

which  has  been  thus  thoroughly  freed  from 

wr,  will  fall  about  as  if  it  were  a  solid  body,  ^ 

and  will  strihe  against  the  glass  with  a  audden 

shock.     The  appai'atus  is  in  fact  nothing  else 

than  the  so-called  water-hammer  of  the  physicists. 

It  follows,  then,  that  whenever  absohitely  pure  water  is  needed 
for  chemical  investigations,  -natural  water  must  first  be  distilled, 
with  the  precautions  above  indicated,  and  this  distilled  water 
must  subsequently  be  thoroughly  boiled,  in  order  to  expel  the 
gases  which  it  holds  in  solution.  Water  so  purified,  though 
necessary  for  chemical  purposes,  is  unfit  to  support  the  life  of 
fishes  or  other  animals  which  breathe  in  water,  and  is  not  suitable 
for  drinking.  It  is  not  only  insipid  and  unpalatable,  but  ia  not 
refreshing  like  ordinary  water.  Eien  if  only  a  part  of  the  dis- 
solved gases  have  been  removed,  as  is  the  case  with  water  which 
has  been  recently  distilled,  the  taste  of  the  water  is  still  flat,  and 
repugnant.  Hence,  oa  board  vessels  where  fresh  water  is  pr«- 
parod  by  distiDing  sea-water,  the  distillate  should  be  left  for 
some  time  in  contact  with  air,  in  order  that  by  absorbing  the 
constituents  of  the  air  it  may  become  fit  for  drinking. 

48.  As  might  be  inferred  from  the  foregoing,  water  has  the 
property  of  dissolving  many  substances,  solid,  liquid,  and  gaseous. 
Sugar,  for  example,  dissolves  readily  in  water;  but  sand  ia  in- 
soluble therein. 

A  substance  is  said  to  be  soluble  when  it  is  capable  of  being 
divided  in,  and  dispersed  through  water  so  intimately  and  com- 
pletely that  its  particles  become  invisible,  and  can  no  longer  be 
Beparatod  by  filtration ;  the  result  of  tliis  coalescence,  or  the 
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Klulion  as  it  ia  termed,  is  a  transparent  Jiqiiid,  as  a  getai-al  rule 
Bcarc«]y  less  mobile  than  the  water  itself. 

Of  the  various  auhstances  soluble  in  water,  some  dissolve  in 
far  larger  proportion  than  others.  With  some  liquids  (as  alcohol, 
for  example)  water  can  be  mixed  in  any  proportion ;  but  of  ether 
it  dissolves  but  little,  and  of  oil  none.  The  proportion  of  any 
substance  that  can.  be  dissolved  in  a  given  quantity  of  water  is 
usuaDy  limited,  and  under  fixed  conditions  is  definite  and  peculiar 
for  cacli  substance.  When  a  given  quantity  of  water  has  dis- 
solved as  much  of  a  substance  as  it  is  capable  of  dissolving  at  the 
temperature  and  pressure  to  which  it  happens  to  be  exposed,  the 
solution  is  said  to  be  saturated.  Generally  speaJdng,  soHd  sub- 
stances dissolve  in  far  larger  (juantity  in  hot  than  in  cold  water, 
though  with  gases  and  some  exceptional  solids  the  contrary 
obtains.  From  the  saturated  hot  solution  of  any  saline  sub- 
stance, crj-stala  are  usually  deposited  during  the  process  of  cool- 
ing. But  so  long  as  a  solution  is  neither  exposed  to  variations 
of  temperature,  nor  changed  by  the  addition  of  another  substance 
or  by  the  abstraction  of  either  of  its  parts,  it  will  usually  deposit 
nothing,  and  will  remain  unaltered  during  an  indelinite  period 
of  time. 

Durmg  the  act  of  solution,  the  first  portions  of  the  solid  dissolve 
with  eoniparative  rapidity,  the  subsequent  portions  dissolving 
more  and  more  slowly,  until  complete  saturation  is  attained.  In 
preparing  a  solution  of  any  solid,  at  the  ordinary  temperature  of 
the  air,  it  is  therefore  inadvisable  to  add  a  large  quantity  of  water 
ail  at  ouce ;  a  much  more  satisfactory  result  will  usually  be  ob- 
tained if  the  substance  bo  rubbed  in  a  mortar  with  repeated 
small  portions  of  water,  the  several  portions  of  the  solution  being 
poured  off  into  a  common  receptacle  as  fast  as  the  water  becomes 
nearly  saturated. 

There  are  many  other  liquids  besides  water  which  are  com- 
monly used  as  solvents  ;  but  as  water  is  the  commonest  solvent  o( 
all,  and  the  most  universally  applicable,  some  of  the  general  prin- 
ciples of  solution  may  hero  be  appropriately  set  forth. 

49.  Solution,  though  in  many  cases  closely  allied  to  chemical 
action,  ia  usually  treated  of  as  a  distinct  process.  From  the  best- 
marked  chemical  action  it  differs  in  several  particulars.     In  true 
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chemical  combination  the  union  of  the  several  ingreilienta  is  so 
elo.'c  and  intimate,  that  their  properties  are  merged  and  lust  in 
those  of  the  compound;  while  iu  the  solvents  proper,  such  as 
water,  alcohol,  and  beneine,  the  particles  of  the  dissolved  matter 
appear  to  be  merely  mechanically  divided  and  diffused  through 
the  liquid.  The  chemical  properties  of  the  dissolved  matter 
undergo  no  essential  change  during  the  act  of  solution,  but  re- 
main unimpaired.  When  common  salt  is  dissolved  in  water,  the 
brine  retains  the  peculiar  taste  of  Ihe  salt,  and  behaves  like  salt 
itself  towards  most  chemical  agents ;  moreover  the  salt  can 
readily  be  recovered  unchanged  by  evaporating  the  water.  But 
if  a  piece  of  chalk  be  placed  in  muriatic  acid,  chemical  decom- 
position and  combination  will  immediately  occur,  the  first  sig- 
nalized by  a  violent  effervescence,  the  second  resulting  in  the 
formation  of  a  liquid  which  contains  neither  ehalk  nor  muriatic 
acid,  if  the  materials  have  been  mixed  In  due  proportion,  but 
which  yields,  on  evaporation,  a  solid  chemical  compound,  con- 
taining one  of  the  constituents  of  each. 

Chemical  combination,  as  usually  defined,  occurs  in  fixed  pro- 
portions only,  whereas  solution  takes  place  in  indefinite  propor- 
tions; not  oidy  may  many  substances,  as  alcohol  and  glycerine, 
be  mixod  with  water  in  every  proportion,  but  where  the  solubility 
of  a  substance  is  limited  in  one  direction,  as  that  of  common 
salt,  of  which  only  about  0-355  part  is  di.'isolved  by  one  part  of 
water  at  15°,  the  substance  can  nevertheless  be  dissolved  in  every 
possible  proportion  below  this  maximum.  Chemical  action  is 
most  marked  between  substances  of  unlike  character ;  but  with 
solution  the  rule  is  different.  In  general,  solution  occurs  most 
readily  when  the  solvent  is  not  far  removed  in  composition  and 
properties  from  the  body  dissolved. 

Extreme  cases  of  chemical  action  upon  the  one  hand  and  of 
solution  on  the  other,  are  readily  distinguishable.  But  there  is 
a  wide  range  between  these  extremes,  and  it  is  well  nigh  impos- 
sible to  find  a  point  at  which  the  line  of  demarcation  shall  be 
drawn.  Many  cases  which  at  first  sight  seem  to  be  examples  of 
simple  solution  can  readily  be  shown  to  depend  in  part  upon 
chemical  force. 

The  majority  of  chemists  are  now  inclined  to  regard  most 
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inatancea  of  solution  as  feeble  exhibitioDS  of  the  chemieal  force, 
or  at  all  events  as  intermediut*  between  purely  chemieal  and 
merely  mechanical  action.  Solution,  facilitates  chemical  action 
between  heterogeneous  materials,  both  by  overcoming  the  force 
of  cohesion  by  which  the  particles  of  homogeneous  solids  are  held 
together,  and  also  by  bringing  the  particles  of  the  unlike  bodies 
into  intimate  contact  with  one  another  through  the  vehicle  of 
the  common  solvent.  Cohesion  resists  chemieal  action  ^s  it  docs 
gravity;  but  solution  overcomes  cohesion,  frees  the particl, e  from 
the  bonds  ivhich  held  them,  and,  as  we  may  imagine,  leaves  them 
free  to  enter  into  other  combinations. 


CHAPTEB  T. 


HTrHOOEIC. 

60,  Thecommoneat  method  of  preparing  hydrogen  18  by  treating 
zinc  or  iron  with  dilute  sulphuric  or  muriatic  acid.  Unless  very 
large  quantities  of  the  gas  are  needed,  this  method  is  cheaper  and 
more  convenient  than  either  of  those  heretofore  mentioned. 

Exp,  19.— To  a  bottle  18  or  20  c 
capacity,  the  mouth  of  which  has  an 
fit  a  caoutchouc  stopper  or  a 
Bound  cork,  furnished  with  a 
thistle-tube  (Fig.  19)  and  a  gas 
delivery-tube,  of  No.  6  glass. 
Within  the  bottle  put  16  or  20 
grma.  of  granulated  zinc,  or  small 
ecraps  of  the  sheet  metal,  and  as 
much  watsr  as  will  cover  the  zinc 
and  close  the  end  of  the  thiatle- 
tube.  Eeplaee  the  cork  in  the 
bottle,  taking  care  to  press  it  in 
tightly,  and  gradually  pour  iu 
common  muriatic  acid  through 
the  thistle-lube.      The   thiatle- 
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tube  mu'ft  reaoii  nearly  to  the  bottom  of  tbe  bottle,  an  that  its  point 
taay  dip  beneath  the  water ;  and  the  muriatic  acid  must  be  added  by 
small  successive  portions,  not  more  than  a  large  thimbleful  at  a  time. 

On  the  addition  of  the  first  portions  of  the  acid,  chemical  action 
will  enane,  the  contents  of  the  bottle  will  become  warm,  and  gas  will 
bo  Been  to  escape  from  the  liquid.     This  gas  is  hydrogen. 

After  all  the  air  has  been  expelled  from  the  bottle  the  hydrogen  may 
ba  collected  over  the  water-pan,  in  inverted  bottles  tilled  with  water, 
or  it  may  be  passed  into  a  gas-holder  (Appendix,  5  11).  The  rapidily 
with  which  the  gaa  sha'.l  be  evolved  is  easily  controlled  by  regulating 
the  supply  of  acid;  and  the  moment  at  which  the  hydrogen  censes  to 
be  contaminated  with  (ur  can  be  determined  by  collecting  small  por- 
tions of  the  escaping  gas,  in  wide-mouthed  bottles  of  about  50  c.  c 
capacity,  and  teatinji;  its  quality  by  means  of  a  lighted  match.  In 
doiu)^  thie  the  small  bottle  tilled  with  gas  must  not  bo  turned  over,  but 
should  be  carefully  lifted  from  the  water  without  changing  its  vertical 
position,  and  the  lighted  match  should  then  be  applied  to  the  mouth 
of  the  bottle.  If  (he  hydrogen  he  pure,  it  will  burn  tranq^uilly  at  tho 
month  of  and  within  the  bottle;  but  in  case  the  gas  ia  still  mised 
with  much  wr,  a  sharp  explosion  will  occur  at  the  moment  when  the 
match  is  applied  to  it.  In  order  to  avoid  these  ex]ilosions,  which 
would  be  exceedingly  dangerous  if  the  volume  of  mixed  gases  were 
large,  it  is  indispensably  necessari',  in  prepaiing  hydrogen,  to  take  care 
thitt  none  of  the  gaa  shall  be  admitted  into  the  gaa-holder  until  all  the 
atmospheric  air  has  been  expelled  irom  the  bottle  ia  which  the  gas  is 
generated.  So,  too,  in  experimenting  with  hydrogen,  no  light  should 
ever  be  brought  into  contact  with  the  contents  of  the  bottle  into  which  it 
is  generated,  or  with  any  large  quantity  of  the  gas,  until  the  purity  of 
the  sample,  or  rather  its  non-explosive  character,  has  been  demon- 
strated by  applying  to  a  very  small  volume  of  the  gas  the  test  above 
described. 

This  experiment,  which  has  here  been  executed  vtith  zinc,  caa  be 
equally  well  performed  with  iron-filicgs,  and  with  several  other  of  the 
n  metals. 


Muriatic  acid,  or,  in  chemical  nomeoclatnrej  chlorhydrio  aoid, 
is  a  compound  of  hydrogen  and  another  element,  called  chlorine, 
which  will  shortly  be  described.  The  chemical  composition  of 
this  substance  can  be  represented  by  the  eymbol  H  CI,  in  which 
H  reprcBcnts,  as  before,  tho  least  proportional  weight  of  hydro- 
gen which  exists  in  combination,  and  CI  the  least  proportional 
weight  of  chlorine.     We  may  likewise  abbreviate  the  word  zino 
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to  the  Byiubol  Zn ;  and  the   chemical  process,  or  reactitm,  by 
which  the  hydrogen  is  liberated  may  then  be  symbolized  by  the 

2HCl+ZB=ZaCI,+2H:. 
Since  hydrogen  is  a  gas,  it  escapes  as  such,  and  there  remains 
dissolved  in  the  water  within  the  bottle  a  compound  of  the  ele- 
ments chlorine  and  zinc,  called  chloride  of  zinc  (Zn  CL,).  The 
zinc  which  was  free,  enters  into  combination,  and  the  hydrogen 
which  was  in  combination,  is  set  free ;  in  other  words,  the  zinc 
has  been  substituted  for,  or  has  replaced,  the  hydrogen.  It  may 
here  be  stated  that  chemists  of  all  nations  have  agreed  to  repre- 
sent each  of  the  elements  by  a  symbol,  which  consists  either  of 
the  initial  letter  of  the  Latin  name  of  the  element,  or,  when  the 
names  of  two  or  more  elements  begin  with  the  same  letter,  of 
the  initial  letter  together  with  the  first  of  the  succeeding  letters 
in  the  Latin  name  which  is  distinctive.  Thus  Fe  {Ftrrum)  is  the 
symbol  of  iron,  W  (  Woljramium)  of  tungsten,  C  of  carbon,  Ca  of 
calcium,  Cd  of  cadmium,  CI  of  chlorine,  and  Cr  of  chromium. 

51.  Hydrogen  is  a  transparent,  colorless,  and  tasteless  gas, 
odorless  when  pure.  It  is  not  poisonous,  though  animals  die 
from  suffocation  when  immersed  in  it,  as  they  do  in  an  atmosphere 
of  nitrogen.  It  has  never  been  condensed  to  a  liquid.  It  is  the 
lightest  substance  known,  being  about  14|  times  as  light  as  air. 
If  1  volume  of  air  weighs  1  gramme,  an  equal  volume  of  hydrogen 
will  weigh  only  0-0693  grm.  It  is  11,160  times  as  light  as 
water,  151,700  times  as  light  as  quicksilver,  and  ii36,000  times 
as  light  as  platinum.  1  litre  of  hydrogen  at  0°,  and  a  pressure 
of  76  cm.  mercury,  weighs  0'089578  grm.  Hydrogen  is  the 
most  suitable  standard  of  specific  gravity  for  gases,  as  water  is  for 
hquids  and  solids  ;  when  thus  used  as  the  standard,  its  spccifio 
gravity  is,  of  course,  unity.  The  student  should,  however,  be  in- 
formed that  air  is  used  by  many  writers  as  the  standard  of  specific 
gravity  for  gases. 

52.  The  exceeding  lightness  of  hydrogen  can  be  illustrated  in 
various  ways.  From  an  inverted  bottle,  even  though  it  be  open 
below,  hydrogen  will  escape  but  slowly;  bnt  if  a  bottle  of  hy- 
drogen be  opened  in  the  air,  with  the  mouth  upward,  the  gas  will 
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quickly  escape.     Hence  it  can  readily  l)e  poured  or  decanted  tip- 
wards  from  one  vessel  to  another. 

Exf.  20. — T,ift  fi-om  the  water-pan  a  thick,  strong,  wide-mouthed 
bottle,  of  200  to  300  c  c.  cftpacitj,  full  of  hydrogen,  taking  care  to 
told  it  in  a  perpendicular  position,  with  the  mouth  downward.  With 
the  other  hand  place  another  hottla  of  equal  size  and  strength,  but 
containing  only  air,  heside  the  hydrogen-bottle,  so  that  the  mouths  of 
the  bottles  shall  touch  at  one  end.  Gradually  turn  down  the  hydro- 
gen bottle,  and  at  the  same  time  push  its  mouth  beneath  that  of  the 
air-bottle  in  sueh  manner  that  the  bottle  which  originally  contained 
the  hydrogen  shall  at  last  stand  upright  beneath  the  inverted  bottle. 
During  this  operation,  the  lighter  hydrogen  flows  up  into  the  upper 
bottle,  while  the  hea\ier  air  sinks  into  the  lower.  If  a  burning  match 
be  now  thrust  into  the  upper  bottle,  the  hydrogen  within  it  wOl  take 
Are ;  but  upon  applying  the  match  to  the  lower  bottle,  originally  full 
of  hydrogen,  there  will  be  found  in  it  nothing  but  air. 

In  bke  manner,  hydrogen  maybe  collected  by  displacement — an  up- 
right delivery-tube  being  carried  from  the  bottle  in  which  the  gas  is 
generated,  to  the  top  of  an  inverted  recipient.  The  student  will  do 
well  to  remember  as  a  general  rule,  that  in  manipulating  with  hydro- 
gen we  must  operate  in  a  manner  precisely  opposite  to  that  which 
wouldbe  adopted  if  we  were  at  work  with  water.  Where  water  would 
flow  down,  hydrogen  will  flow  up. 

Owing  to  its  lightness,  hydrogen  is  well  adapted  for  filling 
balloons ;  and  it  is  still  sometimes  employed  for  this  purpose  in 
military  operations,  being  prepared  by  means  of  hot  iron,  as  io 
Exp,  15.  For  purposes  of  illustration,  soap-bubbles  filled  with 
hydrogen  will  serve  as  well  as  balloons  of  more  costly  construc- 
t/I. 31. — By  means  of  a  caoutchouc  tube,  attach  an  ordinary  to- 
bacco pipe  to  a  gas-holder  containing  hydrogen.  (See  Appendix  %  11, 
Fig.  xvii.)  I>ip  the  pipe  in  a  solution  of  soap  for  a  moment,  then  turn 
it  mouth  uppermost,  and  slowly  open  the  stopcock  of  the  gas-holder  so 
that  hydrogen  may  flow  out  Hnd  inflate  the  film  of  water  upon  the 
mouth  of  the  pipe.  The  bubble  will  soon  break  away  from  the  pipe 
and  rise  rapidly  through  the  air.  If  a  burning  match  be  applied  to 
the  bubble  the  hydrogen  within  it  will,  of  course,  burst  into  flame. 

53,  There  is  another  noticeable  peculiarity  of  hydrogen  which 
is  directly  connected  with  its  extreme  lightness.     It  posst^ses  ia  a 
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Fig.  20. 


high  degree  tte  power  of  diffasion.     This  diffusive  power  is  a 
phyBical  property  cunitaoii  to  all  gases  and  vapors  ;  ia  the  .. 
case  of  hydrogen  it  is  only  the  intensity  of  the  diffusive 
power  which  is  remarkable. 

When  different  gaaes,  which  have  no  diomical  action 
upon  each  other,  are  brought  into  contact,  they  will  not 
;,  but  will  commingle.  This  tendency  of 
intermingle  is  so  st  oiig  that  it  will  not  only 
e  the  {greatest  differences  of  specific  gravity,  but 
even  cause  the  spread  of  g-ases  directly  against  powerful 
currents  of  air  or  vapor.  If  a  bottle  of  oxygen,  standing 
upright,  be  connected  with  an  inverted  bottle  full  of  hy- 
drogen, by  moans  of  a  tube  a  metre  in  length,  and  no  more 
than  8  or  10  m.m,  in  diameter,  both  the  bottles  will  be 
found  to  be  filled  with  a  uniform  mixture  of  the  two  gases 
after  the  lapse  of  a  very  few  hours.  Upon  now  touching 
a  lighted  match  to  the  open  mouth  of  either  bottle,  the  , 
gaseous  mixture  will  explode.  As  a  precautionary  measure  I 
it  is  best  in  this  experiment  to  employ  the  thick,  strong 
bottles  in  which  soda-water  is  kept — or,  in  lack  of  these,  strong- 
wide-mouthed  bottles  enveloped  in  thick  towels. 

The  velocities  with  which  gases  diffuse  are  in  the  inverse  ratio 
of  the  square  root^  of  their  specific  gravities.  Hence  it  happens 
that  hydrogen  being  the  most  attenuatedof  all  gases,  diffiises  with 
the  greatest  rapidity.  Compared  with  that  of  oxygen,  its  rate 
of  diffusion  is  as  4  to  1 ;  that  is  to  say,  the  relative 
rates  of  diffusion  of  the  two  gases  are  inversely  a 
the  square  roots  of  the  numbers  1  and  16,  which 
represent  the  specific  gravities  of  hydrogen  and  oxy- 
gen respectively. 

Ea^p.  22. — A  glass  tube,  3  or  4  cm.  in  diameter,  and  30  f 
or40c.m,  long,  is  closed  at  one  end  with  a  plug  ofpkf, 
of  Paris  1  or  2  cm.  thick.     The  tube  is  then  set  aside 
a  day  or  two,  ia  order  that  the  plaster  may  become  dry. 
When  the  plug  ia  dry,  fill  th.e  tube  with  hydro 
displacement,  and  set  it  upright  in  a  glass  of  water.  Water  ^ 
will  rise  rapidly  in  the  tube,   since  hydrogen 
throngh  the  plaster  more  rapidly  than  air  can  enter  the  tube  through 
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this  porous  ^lag.  Th.at  aome  air  does  enter,  however,  can  be  shown 
by  exploding  tlio  contents  of  the  tube  by  applying  a  lighted  match, 
after  the  lapse  of  some  time.  Of  course,  if  the  tube  be  left  to  itself,  air 
will  slowly  enter  through  the  plaster,  so  that  the  water  within  the 
tube  will  in  due  time  sink  to  the  level  of  the  outside  U^^uid, 

On  aeeoniit  of  its  high  diffusive  power,  hydrogen  can  be  kept 
only  in  perfectly  tight  vessels.  It  has  hecn  found  that  it  will 
leak  rapidly  uuder  a  pressure  of  27  or  28  atmospheres  through 
stopcocks  that  are  perfectly  tight  for  nitrogen  at  a  pressure  of 
even  50  or  60  atmospheres ;  from,  the  same  cause  it  cannot  be 
kept  for  any  length  of  time  in  bladders  or  rubber  bags,  K  a 
sheet  of  paper  be  held  a  short  distance  in  front  of  the  opening  of 
a  gas-holder  from  which  hydrogen  is  escaping,  the  current  of  gas 
will  pass  directly  tlirongh  the  paper,  and  can  be  inflamed  upon  the 
other  side  of  the  sheet.  The  high  diffusive  power  of  hydrogen, 
which  is  to  some  extent  shared  by  its  compounds  also,  is  aa 
obstacle  to  be  overcome  before  ballooning  can  be  made  practicable, 

Sound  is  propagated  in  hydrogen  but  httle  better  than  in  a 
vaouum.  The  specific  heat  of  hydrogen  is  3-4046,  that  of  an 
equal  weight  of  water  being  1-000  ;  it  is  0-2356,  that  of  an 
equal  volume  of  air  being  0-2377.  It  refracts  light  very  power- 
fully. 

54.  Hydrogen  is  exceedingly  inflammable,  as  has  been  already 
seen ;  that  is  to  say,  the  temperature  at  which  it  takes  fire  is 
comparatively  low.  But,  as  a  matter  of  course,  it  extinguishes 
any  burning  body  which  is  immersed  in  it,  since  oxygea  is  neces- 
sary for  the  support  of  combustion. 

Exp.  23.— Carefully  lift  from  the  water-pan  a  bottle  of  200  or  300 
c.  c.  capacity,  completely  full  of  hydrogen,  slowly  carry  the  bottle,  the 
mouth  of  which  is  of  course  held  downward,  to  a  burning  candle  or 
splinter  of  wood,  and  depress  the  bottle  over  this  flame.  The  hydro- 
gen will  take  fire  and  bum,  below,  at  the  mouth  of  the  bottle  where  it 
is  in  contact  ^  th  the  oxy  ^en  of  the  atmosphere ;  but  the  flame  of  the 
candle  will  be  ext  n  u  hed  tl  e  moment  it  becomes  completely  en- 
veloped by  the  hydrogen  The  candle  can  easily  be  relit  by  slowly 
lifting  the  bottl  unt  1  the  w  k  is  brought  into  contact  with  the  air 
and  the  burning  hjd  o'n='n 

Exp.  24.— F 11  a  bottl  of  the  capacity  of  400  or  500  c.  c.  with  hy- 
drogen, close  the  mouth  with  a  cork  or  a  plate  of  glass,  stand  the  bottle 
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upon  the  table  with  the  mouth  upward,  remove  the  stepper,  inflnme 
the  hydrogea,  and  immediately  pour  out  of  a  pitcher  into  the  bottle  a 
lai'ge  quantity  of  water.  ThH  flame  will  instantly  be  increased,  since 
the  water  will  force  the  gaa  out  of  the  bottle  into  the  air.  Within  the 
bottle  the  hydrogen  can  only  bum  gradually,  since  it  taies  time  for  the 
outside  air  to  enter ;  but  if  the  gas  be  pushed  out  of  the  bottle  into 
the  air,  it  will  burn  at  once. 

In  the  familiar  instances  where  water  extinguishes  flre,  it  does  so  by 
reducingthe  temperature  of  the  combustible — that  is  to  eay,  by  cooling 
it  to  below  the  temperature  at  which  it  will  taie  fire.  It  would  act 
thus  in  this  case,  were  it  not  for  the  lightness  and  mobility  of  the 
hydrogen,  by  virtue  of  which  this  gas  immediately  escapes  from  eon- 
tact  with  the  water, 

65.  It  has  been  eeeii  that  the  bjdrogen- flame  aifords  only  an 
exceedingly  feeble  light  but  it  would  I)e  a  grave  error  to  infer 
that  but  httle  heat  if>  de\eloped  by  the  combnstun 

The  tempeiatuie  of  the  hydrogen  flame  is  n  realitj  very 
h  gh  Indetd  it  has  been  found  thut  when  a  given  weght  of 
hydrogen  enters  into  chemical  urn  n  with  o'^jgen  mo  e  heat  is 
developed  thin  m  the  burning  of  the  sime  weight  of  any  other 
Bnbst<tnce 

In  order  tD  determine  the  amount  of  heat  which  is  de\eloped 
m  an'v  act  of  combination  this  heat  caa  bo  transferred  to  water 
and  there  estimited  either  by  the  quantity  ot  water  heated  or 
the  amount  ot  steam  produced  A  vnit  of  he  t  is  thit  amount 
ot  heat  which  will  raise  1  gramme  of  water  fiom  0°  c  nt  grade 
tol" 

The  amount  of  heat  evolved  during  the  combustion  of  a  body 
IS  as  ccniitant  ind  ujnarying  as  any  other  direct  eon'sequent  of 
itfl  properties  and  the  quantity  of  heat  evolved  is  absoiiiteh  tke 
same  no  matter  whether  the  coml  i  t  on  occ  a  i  a  o  pure 
oxygen,  or  whether  it  be  slow  or  rap  d  The  actual  amo  nt  of 
heat  developed  during  the  most  vivi  1  co  nb  taon  s  no  grej.ter 
than  when  the  same  combustible  con  b  ea  w  th  oxygen  1  y  g  a- 
dual  oxidation,  without  visibly  bum  ng  P  o  n  1  g  an  me  of 
hydrogen,  as  it  unites  with  oxygen,  there  are  evol  cd3443  nita 
of  heat. 

Although  the  same  amount  of  heat  is  developed,  in  the  aggre- 
gate, when  a  litre  of  hydrogen  bums  in  the  air,  as  when  it  burns 
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in  pure  oxygen,  it  is  none  the  less  true  that  a  far  hotter  fiame 
is  ohtained  by  burning  the  hydrogen  in  oxygen  than  in  air.  If 
the  combustion  be  complicated  by  the  presence  of  nitrogen  from 
the  air,  a  great  deal  of  heat  will  expand  its  energy  in  expanding 
this  useless  nitrogen.  Moreover,  since  the  nitrogen  occupies  much 
room,  it  wlLL,  as  it  were,  Itecp  asunder  the  particles  of  hydrogen 
and  oxygen  ;  the  flame  will  thus  be  made  longer  and  more  dis- 
persed, or,  in  other  words,  the  heat  evolved  by  the  union  of  the 
hydrogen  and  oxygen  will  be  spread  over  more  space  than  if  the 
nitrogen  were  absent.  Where  nothing  but  hydrogen  and  oxygen 
are  present,  and  in  the  precise  proportions  in  which  these  gases 
unite  to  form  water,  the  flame  produced  by  their  union  will  be  to 
all  intents  and  purposes  solid,  and  the  heat  wDl  be  concentrated 
in  the  smallest  possible  space. 

Evp.  25. — Provide  two  gas-holders  (see  Appendix,  S  11),  one  full 
of  hydrogen,  the  othev  full  of  oxygen,  also  a  metallic  jet  so  constracted 
that  the  tube  wli:;:li  carries  the  oxygen  shall  pass  throufrh  the 
centre  of  the  hydrogen  tube  a.s  shown  in  Fig.  22.  Screw  the  jet  on 
to  the  osygen  gas-holder,  and  connect  the  other  opening  with  the 
hydrogen  gns-holder  by  means  of  a  caoutchouc  tube.  Open  the  code 
of  the  hydrogen  gsa-holder,  and  inflame  the  gas  at  the  point  of  the  jet, 
then  slowly  open  the  cock  of  the  oxygen  gas-holder  until  the  flame  of 
the  burning  hydrogen  has  been  reduced  to  a  fine  pencil.  This  appa- 
ratus is  known  as  the  compound,  or  oiy-hydrogen  blowpipe.  Id  order 
to  insure  a  steady  flame,  care  must  be  taken  that  a  constant  and  suffi- 
cient pressure  be  maintained  upon  the  contents  of  the  gas-holders. 

Fig,  22. 


Eip.  26,— -In  the  flame  of  the  oxy-hydrogen  blowpipe,  descrihed  in 
the  foregoing  paragraph,  hold  the  end  of  a  piece  of  platinum  wire, 
about  10  cm.  long  and  less  than  onem.m.  in  diameter.  The  platinum 
will  melt  and  fall  down  in  drops. 

The  intense  heat  of  the  osy-hydrogen  flame  is  thus  admirably  illus- 
trated; for  platinum  is  an  exceedingly  infusible  metal,  which  can 
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ecarcely  be  softened  in  the  hottest  furnace.  The  drops  of  platinum 
nhould  be  caught  upon  sand,  or  in  water.  In  case  the  melted  platinum 
fftlls  into  water,  a  portion  of  the  water  will  be  decomposed  into  hydro- 
gen and  oxygen,  bubbles  of  which  will  be  seen  issuing  from  the  water. 
Some  of  this  gas  can  easily  be  collected,  by  an  assistant,  in  an  inverted 
ignition-tube  filled  with  water,  and  ita  explosive  character  demon- 
strated by  applying  a  lighted  match. 

Eip.  27. — If  a  piece  of  challi  or  lime,  scraped  to  a  fine  point,  be  helcl 
in  the  flame  of  the  oxy-hydrogen  blowpipe,  it  will  quickly  become 
whit«-hot  and  evolve  lig-ht  of  great  brilliancy,  almost  eorapni'able  with 
that  of  the  sun.  If  the  bit  of  lime  be  long-  exposed  to  the  intense  heat, 
it  will  undergo  incipient  fusion,  and  atford  less  light  than  at  first. 

Where  a  constant  light  is  desired,  cylinders  or  pla(«s  of  chalk  are 
kept  continiiallv  moving  before  the  flame  hy  mechanical  power,  so  tliat 
flresh  portions  shall  continimllj  be  broiightinto  the  flame.  This  is  the 
so-called  Drummond  or  Calcium  light,  often  employed  for  night  signals 
end  optical  expeiiments. 

58.  No  matter  in  what  way  hydrogen  is  burned,  whether  in 
the  pure  state  or  in  combination  with  other  materials,  whether  in 
pure  oxygen  or  in  the  air,  the  product  of  the  combustion  is  always 
water.  At  the  high  temperature  of  the  flame,  this  water  must  of 
course  remain  in  the  condition  of  a  gas,  but  it  can  readily  be 
brought  to  the  liquid  state  by  reducing  the  temperature. 

Ex^.  28. — Over  a  jet  of  burning  hydrogen,  best  obtained  from  a 
gas-holder,  hold  a  dry,  cold  bottle.  The  glass  soon  becomes  covered 
with  a  film  of  dew,  as  the  water  generated  by  the  union  of  hydrogen 
and  oxygen  condenses  in  droplets  upon  the  cold  sides  of  the  bottle. 

57.  As  the  burning  jet  of  hydrogen  is  the  simplest  instance  of 
combustion  with  flame,  some  exact  knowledge  of  the  form  and 
quality  of  flames  may  here  be  gained. 

As  hydrogen,  or  any  other  gas,  issues  from  a  small  orifice  into 
the  MT  by  force  of  pi-essure  from  behind,  the  escaping  gaa 
I  eertain  definite  shape  ia  accordance  with  the  physical 
3  to  which  it  is  exposed,  just  as  a  fountain  of  wiiter 
takes  form  in  accordance  with  the  size  and  shape  of  the  orifice 
from  which  the  water  is  expelled,  the  pressure  by  which  it  is  ex- 
pelled, the  gravity  of  the  water,  the  resistance  of  the  air,  and  the 
force  and  direction  of  the  wind,  and  ao  forth. 

If  a  lighted  match  he  brought  into  contact  with  the  column  or 
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fountain  of  gas,  the  gas  will  take  fire  and  tinra ;  that  is  to  say, 
the  hydrogen  will  enter  into  comhination  ■Brith  oxj-gen  as  fast  as 
the  latter  can  he  fumished  from  the  air.  But,  in  any  event,  the 
column  of  gas  will  burn  only  upon  the  outside,  for  there  alone 
can  the  oxygen  of  the  air  come  into  contact  with  the  hydrogen. 
Neither  the  interior  of  the  flame  nor  the  contents  of  the  I'^^ervoir 
from  which  the  gis  is  flowing  can  hum  ■  for  they  consist  of  pure 
hyd  g  wh  h  a  h  b  n  h  wa  n  Exp  J  will  I  j  t  ll 
mm  diat  iy      ti  "ti  h     mhu  t    n 

ill      di  a  J         fl  m  f  n  tj    h  11  w      Th 

Tibltuthnlh  lutnflgl       hh  ra 

pan  mntfth      Imal      t  Bt       nfn        mbu  t 

w  g    n  up       ts    urt        th  p  1  mn    f  g  Id 

1 11  b    m  d    VIS  ble  hy  t  to  p       th      gh  a  q     nt  ty    f 

dut  hfipwdhf  m        nthai       Aptn 

f  th       1  d  m  tt  Id  b    t    n  J    t  d  bj  the  t    f  « 

and  tlie  form  assumed  by  the  latter  would  be  made  manifest. 

'ihe  shape  of  the  unignited  gas-column  would  nf  course  be 
somewhat  different  from  that  of  the  burning  flame ;  in  the  latter, 
not  only  is  the  outer  edge  of  the  column  sharply  defined  by  the 
zone  of  combustion,  but  the  actual  foim  of  the  column  itself  is 
modified  through  the  expansion  of  the  gas  as  it  becomes  heated  by 
the  enveloping  fire, 

58.  If,  instead  of  burning  pure  hydrogen  as  it  flows  into  the 
air,  as  in  the  foregoing  experiments,  the  gas  be  first  mixed  with 
air  or  oxygen  and  then  ignited,  a  very  different  result  will  be 
obtained.  The  hydrogen  being  now  in  contact  with  osygen  at  all 
points,  the  entire  mass  of  gas  will  burn  with  a  violent  explosion 
the  instant  a  light  touches  it. 

Exp.  29.— Introduce  2  volumes  of  hydrogen  and  6  volumes  of  wr 
into  a  strong  round-bottomed  bottle  such  as  is  used  for  soda-water. 
Close  the  mouth  of  the  bottle  with  a  cork,  nad  shake  violently  in  oi'der 
that  the  gases  shall  be  mixed,  A  small  quantity  of  water  should  be 
left  in  the  bottle  to  act  as  a  stirrer.  Grasp  the  bottle  firmly  in  oue 
hand,  remove  the  cork  with  the  other,  and  apply  the  open  mouth  of 
the  bottle  to  a  light-xl  candle.     An  explosion  will  immediately  ensue, 

Exp,  30, — Into  a  gas-holder,  bladder,  or  rubber  bag,  introduce  a 
mixture  of  S  vols,  hydrogen  and  1  vol.  oxygen.     Connect  therewith. 
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by  means  of  cao'Atcliouc  tubing,  a  tobBCCO-pipe,  or  tit  of  glaas  tube. 
Press  the  tj-as  through  the  pipe  into  «  dish  of  soap-suds,  in  such  manner 
that  there  shall  he  lui-.TiBd  upon  the  surface  of  the  suds  a  mass  of  foam 
as  laro-e  as  an  egg.  Close  the  gaa-holder  ami  remove  it  from  the  vici- 
nity ol  the  suds.  On  now  touching  the  foam  with  a  long,  lighted 
stick  an  eseeedingly  violent  explosion  will  occur. 

Tt  is  well  to  avoid  the  lormation  of  a  large  quantity  of  foam  in  this 
experiment,  since  the  concussion  is  in  any  event  desfening.  In  this 
experiment  the  explosive  mixture  is  purposely  confined  in  an  ex- 
ceedingly fiiragy  envelope,  in  order  that  no  harm  may  he  done  bj  the 

fragments. 

Care  should  be  taken  to  throw  away  any  remnant  oi  the  mixture  of 

hydrogen  and  oxygen  which  may  have  been  left  in  the  gas-holder  at 

the  close  of  the  experiment,  and  npou  no  account  should  fire  ever  be 

brought  into  its  vicinity. 

59.  The  cause  of  tbeso  load  explosions  is  twofold,  By  the 
act  of  combination  water  is  formed,  and  at  the  same  time  intense 
heat  is  emitted  ;  the  water,  or  rather  steam,  is  thereby  enoi-mously 
expanded,  so  that  for  a  moment  there  is  violent  motion  outwards 
in  all  directions.  This  outward  motion  would  scatter  al)out  in  a 
most  dangeroua  manner  the  fragments  of  any  vessel  in  which, 
through  carelessness,  a  mixture  of  hydrogen  and  oiygen  miL,-ht 
be  ignited — unless,  indeed,  the  vessel  were  very  strong,  small, 
and  of  Jarge  aperture.  But  in  the  nest  instant,  as  the  steam 
condenses,  there  is  an  even  more  violent  motion  inwards. 

The  original  mixture  of  hydrogen  and  oxygen  occupies  about 
2000  times  as  much  space  as  the  liquid  water  whioh  results  from 
the  combination  of  these  gases.  Hence  a  partial  Yacuum  is 
formed,  into  which  air  rushes  from  all  sides  ;  and  it  is  the  heavy 
and  sudden  undulations  thus  communicated  to  the  air  which 
occasion  the  noise.  The  outward  and  inward  shocks  follow  one 
another  so  quickly  that  the  ear  cannot  distinguish  between  them. 

Mixtures  of  hydrogen  and  air  produce  less  violent  explosions 
than  mixtures  of  hydrogen  and  oxygen,  because  of  the  inert 
nitrogen  in  the  air,  which  acts  as  an  elastic  pad,  or  cushion,  to 
break  the  force  of  the  shock. 

60.  Since  air  is  everywhere  about  us,  and  since  all'  ordinary 
conrbustions  occur  in  it,  it  has  become  customary  to  speak  of  it 
and  of  oxygen  as  supporters  of  combvtlion,  in  contradistinction  to 
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the  so-called  com'iit^ihles,  eacb  ;i3  hydrogen.  These  terms  are 
often  convonicnt,  but,  aa  will  appear  from  the  following  experi- 
meat,  they  have  only  a,  relative,  and  eo  absolute  significance. 

Exp.  31.— ProTide  a  tube  of  tliia  glass,  the  neck  of  a  broken  retort, 
for  example,  30  or  40  c.m.  long,  and  3  or  4  cm.  in  d  anietar;  fix  it  in 
tt  vertical  position,  so  that  the  lower  opening  slmll  be  20  or  30  c.m. 
above  the  table,  and  connect  the  uppar  opening  with  a  gaa-holder  filled 
with  hydrogen. 

To  a  second  gas-holder,  containing  oxygen,  attach  a  caoutchouc 
tube,  and  to  the  end  of  this  fit  a  piece  of  glass  tubing,  No.  7,  25  or  30 
c  m  lonft,  bant  at  a  right  angle  at  6  or  10 1,  m.  from  the  end  which  is 
attached  to  the  caoutehinc  tube,  and  drawn  out  to  a  fine  open  point 
at  the  othei  The  caoutchouc  tube  mu-'t  be  lon^'  enough  to  reach  as 
fer  as  the  lower  mouth  of  the  wiie  veitical  glass  tube  above 
mentioned 

Open  new  the  stopcick  of  the  hvdriffen  gas  holder  so  that  the 
ver  loal  tube  ohall  be  filled  with  the  gas  then  apply  a  lighted  match 
to  the  month  of  this  tube,  and  regulate  the  flow  of  gas  so  that  the 
latter  may  cnntmue  to  bum  slowij  at  the  lower  edge  of  the  tube. 
Fmalh,  Open  the  atopcotk  of  the  oxvgen  gas  holder,  so  that  a  cur- 
rent ofthisgasshnlliiowthrongh  the  pointed  delivery-tube,  and  thrust 
this  tube  np  into  the  middle  of  the  wide  vertical  tube  which  has  been 
filled  with  hydrogen. 

As  the  stream  of  oiygen  passes  through  the  burning  hydrogen  at 
the  bottom  of  the  vertictd  tube,  it  takes  tire,  and  afterwards  ra 
to  hum  in  the  atmosphere  of  hydrogen  within  the  tube. 


CHAPTER  VI. 

OTHEE  COMPOUNDS  OP  THE  ElEMEHTS  AIiEEADY  BTtJDIED. 

61.  Oxygen  and  hydrogen  do  not  unite  directly  in  any  other 
proportion  than  that  in  which  thoy  form  water ;  but  by  indirect 
means,  too, complex  for  profitable  study  at  this  stage,  a  molecule 
of  water  can  be  made  to  combine  with  an  atom  of  oxygen,  forming 
a  new  substance,  known  by  the  name  of  peroxide  of  hydrogen. 
Its  formula  is,  in  accordsince  ii^th  this  stitement,  H^O  ,  and  it 
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irould  yieU,  if  completely  decomposed  into  its  elements,  equal 
volumes  of  hydrogen  and  oxygon;  its  composition  by  weight 
must  be  2  parts  of  hydrogen  to  32  of  oxygen ;  it  contains  just 
twice  as  large  a  proportion  of  oxygen  as  water.  The  best  method 
of  preparing  this  substance  does  not  yield  the  pure  thing  itself, 
but  only  a  concentrated  solution  of  it  in  water ;  the  specific  gra- 
vity of  this  solution  is  1-45  :  it  is  colorless,  transparent,  and  some- 
what syrupy,  has  a  metallic  taste,  corrodes  the  skin,  and  bleaches 
vegetable  colors. 

How  different  a  substance  this  is  from  water,  appears  at  once 
from  this  enumeration  of  some  of  its  properties.  It  is  very  un- 
stable, being  readily  decomposed  by  heat,  and  by  contact  with 
various  substances  at  the  ordinary  temperature,  into  oxygen  and 
water.  Its  instability  and  the  intense  chemical  activity  of  which 
it  is  capable,  emphatically  distinguish  this,  as  yet  obscure,  body 
from  the  neutral,  Stable,  inactive  compound  of  hydrogen  and 
oxygen,  common  water. 

62.  But  though  the  peroxide  of  hydrogen  is  not  water,  it  is 
nevertheless  a  true  chemical  compound  of  the  same  elements  which 
are  united  in  water;  it  is  definite  and  constant  in  composition, 
and  its  properties  are  as  unlike  those  of  its  elementary  consti- 
tuents as  are  those  of  water.  A  new  fact  of  great  significance 
here  comes  plainly  into  view.  Two  of  the  elements  are  evidently, 
capable  of  combinirig  in  two  definite  proportions  to  form  two 
chemical  compounds,  each  differing  from  the  other  and  from  its 
primary  constituents.  The  study  of  the  compounds  of  nitrogen 
and  oxygen  will  bring  into  dearer  view  the  general  principle  of 
which  this  fact  is  a  single  illustration.  These  compounds  form  a 
series  of  five  members,  all  derived,  more  or  less  directly,  from 
common  nitric  acid, 

63.  Nitric  Add.^Fvro  abundant  sources  of  this  material  are 
found  in  nature,  and  are  familiar  as  articles  of  commerce.  Salt- 
petre or  nitre,  a  whitish,  saline,  crystallized  substance,  now 
mainly  brought  from  India,  is  one  of  these  sources;  a  similar 
substance,  known  as  Chdi- saltpetre,  or  soda-nitre,  is  collected  on 
a  desert  tract  in  CH!i  and  Peru,  and  forma  a  valuable  article  of 
export  from  those  countries.  These  two  substances  only  differ 
from  ea«h  other  in  this, — that  the  first  contains  the  metal  potas- 
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Binm  the  second  the  very  similar  metal  sndrain,  in  eithei  cise 
combined  with  definite  propcitions  of  the  elements  n  trosen  ''nd 
oxygen  By  lhi>  leaction  of  snlphunc  aeid  (oil  of  Mtinll  on 
either  of  these  two  suhstance''  nitric  atid  is  obtained  On  * 
small  scale  fcr  Hboratoiy  purposes  saltpetre  or  a^  it  is  called 
in  chemiotrj  nitrate  of  potissmm,  is  generallT  employed  on  i 
manufactunng  scale,  soda  saltpetre  or  nitrate  ot  euomm  la  used 
becinse  this  salt  coats  less  than  nitrite  of  potassium  and  also 
contains  a  larger  proportion  of  nitiic  acid  which  it  yields  up  with 
greater  facility. 

Exp.  82.— Into  a  tubulated,  glass-stoppored  retort  of  250  c.  c.  capa- 
city put  40  gi'ammes  of  powdered  nitrate  of  potassium,  or,  better, 
34  grammes  of  powdered  nitrate  of  sodium  if  it  can  be  obtained,  and 
through  the  tubiUature  pour  50  grammes  of  strong  sulphuric  acid, 
which  has  been  weighed  out  in  a  bottle  previously  counterpoised  upon 
the  balance  with  shot  or  coarse  sand.  Imbed  the  bottom  of  the  retort 
in  sand,  contained  in  a  small  iron  pan  placed  over  the  gas-lamp  on  a 
ring  of  the  iron-stand.  Thrust  the  neck  of  the  retort  into  the  receiver 
with  two  tubulaturea ;  the  retort-neelr  should  fit  the  tnbulature  of  the 
receiver  with  tolerable  accuracy.  The  second  tubulature  of  the  re- 
ceiver should  be  left  open,  or  loosely  covered  with  a  bit  of  glass,  in 
order  to  avoid  tie  possibility  of  any  pressure  being  created  within  the 
retort  during  the  operation.  Place  the  receiver  in  a  pan  of  cold  water, 
and  cover  it  with  cloth  or  bibulous  paper,  which  must  be  hept  con- 
stantly wet  during  the  distillation,  (See  Fig.  16,  p.  34.)  Apply  a  mode- 
rate heat  to  the  sand-bath ;  reddish  vapors  will  appear  for  a  moment, 
then  disappear,  and  a  yellowish  fuming  liquid  will  begin  to  condense 
in  the  receiver.  Towards  the  end  of  the  operation  the  red  vapors 
reappear ;  after  this  has  happened,  and  the  saline  matter  in  the  retort 
has  attained  a  state  of  tranquil  fusion,  while  very  little  lic[uid  passes 
over  into  the  receiver,  the  lamp  may  be  put  out,  for  the  process  is 
finished. 

The  very  acid,  corrosive,  and  poisonous  liquid  in  the  receiver  is 
nitric  add;  its  faint  color  is  not  its  own,  but  is  due  to  the  presence  of 
a  compound  of  nitrogen  and  osygen  shortly  to  be  described.  Transfer 
the  liquid  to  a  glass-stoppered  bottle,  and  keep  it  for  future  use.  In 
all  manipulations  with  nitric  acid  it  is  necessary  to  avoid  getting  it 
upon  the  skin,  wnca  it  produces  rather  permanent  yellow  steins. 

As  the  retort  cools,  the  residue  solidifies  into  a  white,  saline  mass, 
which  must  be  dissolved  out  of  the  vessel  by  heating  it  with  water  after 
the  apparatus  has  become  thoroughly  cold.     It  will  be  obseired  that 
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the  Iquid  sulphuric  acid  which  waa  used  has  disappeared,  though  the 
saline  residue  is  still  intensely  acid. 

64.  Pare  nitric  acid  is  eoloriesa,  and  is  about  half  as  heavy 
again  as  water.     It  may  be  mixed  with  water  in  all  proportions. 

Exp.  33,— To  one-third  of  the  nitric  a«id  obtained  in  the  last  experi- 
ment add  an  eqmX  bulk  of  water.  The  solution  thus  obtained  will  be 
still  intensely  acid,  as  may  be  proved  by  its  action  on  vegetable  colors. 
Litmus  ia  a  blue  coloring- matter,  prepared  from  various  lichens,  and 
used  in  dyeing.  Unsized  paper,  colored  with  a  solution  of  litmus  in 
water,  ia  a  convenient  teat  for  many  acida,  which,  as  a  rule,  change 
the  color  Oi  the  paper  from  blue  to  red,  If  the  acidity  of  this  diluted 
mtnc  acid  be  now  destroyed  or  neutralized  by  the  addition  of  some 
othei  substance  of  opposite  qudity,  the  point  at  which  the  liquid 
ceases  to  be  acid  mav  be  determined  by  obaerving  when  the  blue  paper 
remain   blue  on  immersion  in  the  liquid. 

In  the  diluted  mtric  acid,  placed  ia  an  evaporatin^-dish,  add  cau- 
tioiialv  ainmoma  water  (the  Liquor  Ammoniie  of  the  apothecaries), 
wh  ch  has  bptn  pieviously  diluted  with  its  own  bulk  of  water,  until 
the  liquid  no  longer  turns  the  litmus-paper  red.  The  ammonia-water 
must  be  added,  "lowly  at  first,  and  at  last  drop  by  drop,  and  the  mix- 
ture must  be  constantly  stirred  with  a  glass  rod.  The  ammonia- water 
has  the  property  of  turning  litmus-paper,  which  has  been  reddened  by 
an  acid,  back  again  to  blue,  as  direct  experiment  may  prove  ;  this 
property  is  possessed  by  a  claas  of  bodies  called  alkalies  and  this  reac- 
t       w  th  htm         i    m  d  t]i  all  I  t       m       trad  ti    t       to 

th     h         ir  m  W      t       d  wh  h      th    re    t        h  ra  t      t     of 

d^Whmdwtht        acd         mm         t       prod  a 

p       d  wh    h  wh       f     h       d  pnr      I  act  n^t  ble 

1  db  111        w  t  t       hi     t  th     St  g      f  the 

p     m     t      PI        th  p  ratUj,  dish         th    wi     g  the 

gaa  1      p       d        p  rat    th    hq    d  t  ki  t  d  actual    b  lli- 

t  til      d    p    f  th        1  ti      t  k  t  gl  d  b      mea 

aim    t  sol  d  1  E  t    g     h  th    1     p  1  t  tl     dish  b      me 

p  t  tl  11  p  rate  th  mt  p  re  t  ^  tal  wh  h  }  ve 
f         d  d  n  g  th         b      f   m  th    fl    d    f      >  wl     h  the 

I  h     11  w  fh       t    d  d      th  m  by  g    tl    pre  h  tw        f  Ida 

fbbulpap  d         rvthf  th  tpmt. 

Besides  water,  these  crystals  are  the  sole  product  of  the  reaction ; 
they  must  therefore  contain  both  all  of  the  nitric  acid  and  all  of  tho 
ammonia  which  is  not  water.  The  chemical  name  of  the  substance  is 
nitrate  of  ammonium. 
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65.  We  tind  in  this  experiment  a  striking  illu  strati  on  of  what 
is  meant  by  chemical  combination.  From  two  fuming  liquids, 
of  very  intense  bat  opposite  propeities,  there  has  come  forth  a 
neutral  solid,  as  unlike  its  constituents  in  tast«,  smell,  and  all 
physical  attributes,  as  could  well  he  imagined.  The  idea  of  neutra- 
lization, well  exemplified  in  this  experiment,  haa  in  the  history 
of  chemistry  been  very  fraitful  both  of  names  and  hypotheses. 
Bearing  in  mind  the  fiery  constituents  of  the  cooling,  harmless 
salt  which  we  have  thus  synthetically  prepared,  we  proceed  to 
learn  by  experiment  whatever  its  decomposition  may  teach. 

.Erp.  34. — Introduce  into  a  Florence  oil-flask,  or  other  suitable  flask 
of  tiin  glass,  and  of  about  800  c.  e.  capacity,  the  nitrate  of  ammonium 
obtained  in  the  last  experiment.  From  the  mouth  of  the  flask,  placed 
upon  (he  wire  gauze  on  the  iron-stand,  carry  a  gas  delivery-tube, 
No.  6,  beneath  the  saucer  in  the  water-pan;  but  interrupt  the  tube,  at 
some  convenient  point  to  interpose  (b_v  means  of  a  cork  or  caoutchouc 
stopper  with  two  holes)  a  amall  bottle  which  can  be  kept  cool  with 
water,  as  shown  in  the  figure. 

Fig.2a 


Heat  the  flask  moderately  and  cautiously,  to  avoid  breaking  it. 
The  nitrate  of  ammonium  will  melt,  and  little  bubbles  will  soon  begin 
to  escape  from  the  fused  mass.  The  heat  must  now  be  so  controlled 
that  the  evolution  of  the  gaa  shall  not  be  tumultuous.  The  gas  is  to 
be  collected  in  bottles  of  300  to  400  e.c.  capacity.  In  the  cooled 
bottle,  through  which  the  gas  passes,  a  clear  and  colorless  liquid  will 
condense,  which  will  be  found  on  examination,  if  the  process  has  been 
successfully  conducted,  to  be  neither  acid  nor  alkaline,  to  have  neither 
taate  nor  smell,  and  to  be  wholly  volatile  when  heated  on  platinum 
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foil, — in  aliort,  to  poasess  all  the  properties  of  waler,  and  none  other. 
When  two  bottles  of  g'as  have  been  filled,  and  enough  water  for  testing 
condensed,  the  delii-cry-tube  may  be  withdrawn  fi'om  the  water  and  the 
lamp  estinguished,  although  the  nitrate  of  ammonium  be  not  all  decom- 
posed. The  nitrate  of  ammonium  may  be  entirely  resolved  into  water 
and  the  gaa  which  now  awaits  esamination,  but  it  is  difficult  to  push 
the  decomposition  to  actual  completion  without  breating  the  flask  in 
which  the  operation  is  performed.  That  the  nitrate  leaves  no  residue 
behind,  when  sufficiently  heated,  may  be  proved  by  heating  a  crystal 
of  it  on  platinnm  foil  over  the  gas-lamp. 

66.  Mtroiis  O.vide, — It  is  obvious  that  the  colorless  and  trans- 
parent gas,  which  ia  the  most  volnminona  product  of  the  decom- 
position of  nitrate  of  ammonium  just  accomplished,  must  contain 
all  the  elements,  besides  those  of  water,  which  enter  into  the 
composition  of  nitrate  of  ammonium,  and  therefore  of  its  consti- 
tuents, nitric  acid  and  ammonia- water ;  much  interest,  therefore, 
attaches  to  the  determination  of  the  composition  of  this  gas, 

.Eqj.  36.— lasert  a  glowing  splinter  of  wood  into  a  bottle  of  the  gas. 
It  will  reinflame  with  almost  as  much  energy  as  in  oxygen. 

If  osygen  be  really  a  coustituent  of  this  gas,  it  mny  be  possible  to 
mix  the  gag  with  hydrogen,  and  efiect  the  chemical  combination  into 
water  of  the  OKygen  in  the  gas  and  the  added  hydrogen,  by  healing  the 
mixture,  or  passing  through  it  an  electric  spark  (see  pp.  24,  26).  If 
just  enough  hydrogen  can  be  added  to  esaclly  convert  all  the  oxygen 
contiuned  in  a  given  volume  of  the  gaa  into  water,  the  constituents 
other  than  oSygen  will  be  left  behind  for  separate  examination,  and 
we  shall  have  determined  how  much  oxygen  a  given  volume  of  the  gaa 
contains  by  observing  how  much  hydrogen  haa  been  necessary  to  con- 
vert it  into  water,  the  volumetric  composition  of  water  being  already 
Imown.  Now  it  has  been  found  that  when  any  volume  of  this  gas  is 
mixed  with  an  equal  volume  of  hydrogen,  in  a  strong  tube,  provided 
with  platinum  points,  like  those  of  the  U-tube  already  used  (p.  25), 
and  the  mixture  ia  fired  by  the  electric  spark,  a  violent  explosion  takes 
place,  a  dew  of  water  condenses  upon  the  walls  of  the  tube,  and  there 
remains  a  volume  of  colorless  gas,  precise'y  equal  to  that  with  which 
the  hydrogen  was  originally  mixed.  On  studying  the  properties  of 
this  residual  gas,  it  is  found  to  be  tasteless,  odorless,  a  little  lighter 
than  air,  and  to  be  neither  inflammable,  nor  yet  a  supporter  of  eom- 
bustion ;  it  is  recognized  as  the  pure  element,  nitrogen. 

It  follows  from  this  experiment,  and  the  knowledge  of  the 
composition  of  water  previously  gained,  that  any  measure  of  the 
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gas  obt^ned  from  nitrate  of  ammonium  contains  its  o'Wn  measure 
of  nitrogen  and  half  thdt  meisure  of  osygen  Tke  c  institution  of 
this  gi3  IS  strictly  aniloa;ous  to  that  of  eteam  as  two  volumes  of 
hTdrogen  and  one  volume  of  oxvEjm  are  compacted  into  tno 
volumes  of  steam  so  two  vDliimts  of  nitrogen  and  one  volmne  of 
oxygen  are  condensed  into  two  volumes  of  this  trinspareut  gts 
As  the  chimiCil  foiniula  or  lymbol  of  water  w  HO  'jo  the 
furmnli  ot  this  new  gas  is  HS^O    ind  its  volumetric  ci  nipusitioii 

may  be  re;  resented  by  a  diagtani      

Bimilar  to  that  bv  which  we  eon  W 

veyed  to  the  eye  the  composition     •- — -'   i    !  I         '         I 

67-  As  has  been  already  said,  N  j 
a  combination  of  oxygen  with  — ——'  ' 
another  element  is  called  an.  oxide  ;  the  name  of  the  second  ele- 
ment is  given  either  by  an  adjective  which  precedes  the  word 
ozide,  as  in  the  case  of  this  gas  N^O,  whoso  name  is  nitroiis  oxide, 
or  by  connecting  the  name  of  the  second  element  with  the  word 
oxide  by  the  preposition  of,  as  in  case  of  oxide  of  iron. 

iVom  the  above  composition  by  volume,  and  from  the  known 
specific  gravities  of  nitrogen  and  oxygen,  the  composition  of 
nitrous  oxide  by  weight  is  readily  deduced.  The  specific  gravity 
of  nitrogen,  referred  to  hydrogen,  is  14;  that  of  oxygen  16; 
since  there  are  two  volumes  of  nitrogen  for  eaoh  volume  of 
oxygen,  the  two  elements  must,  in  any  given  weight  of  the  gas, 
be  combined  in  the  proportion  of  28  parts  by  weight  of  nitrogen 
to  16  of  oxygen.  The  molecule  of  nitrous  oxide,  K,0,  must  be 
composed,  like  any  other  quantity  of  the  gas,  of  28  parts  by 
weight  of  nitrogen  and  16  of  oxygen  ;  but  precisely  as  in  the  case 
of  water,  we  conceive  of  the  molecule  as  made  up  of  two  atoms 
of  nitrogen  and  one  atom  of  oxygen,  and  we  have  already  learned 
that  if  the  atomic  weight  of  hydrogen  be  represented  by  1,  that  of 
oxygen  must  be  16,  It  follows,  from  the  constitution  of  nitrous 
oxide,  that,  if  16  represent  the  smallest  proportional  weight  of 
oxygen  which  exists  in  combination,  14  must  he  the  corresponding 
smallest  weight  of  nitrogen  when  thns  united  with  oxygen.  Ni- 
trous oxide  contains  16-44tlis,  or  36-36  per  cent,  of  oxygen. 

68.  Nitrous  oxide  is  almost  without  odor,  but  has  a  distinctly 
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Bweet  taste ;  its  specific  gravity  referred  to  hydrogen  is  22 ;  it  ia 
quite  soluble  in  water,  wkich  at  0"  dissolves  more  than  its  own 
volume  of  the  gas,  and  more  than  half  its  volume  at  24°.  Owing 
to  this  solubility  there  is  a  trifling  loss  incurred  by  collecting  it 
in  the  usual  manner  over  water;  this  loss  may  he  partially 
avoided  by  using  warm  water  in  the  pan.  Nitrous  oxide  may  be 
obtained  in  the  liquid  state  by  submitting  it  to  a  mechanical 
pressure  of  about  30  atmospheres  in  an  apparatus  cooled  to  0°. 
The  liquid  is  very  mobile,  boils  at  —88°,  and  crystallizes  at 
about  —100°  when  allowed  to  evaporate  spontaneously  under  the 
exhausted  receiver  of  an  air-pump.  It  is  noteworthy  that  the 
permanent  gases,  such  as  nitrogen,  oxygen,  and  hydrogen,  are 
but  slightly  soluble  in  water,  while  all  the  soluble  gases  are  liquifl- 
able,  and  often  the  more  readily  Uquifiable  in  proportion  to  their 
solubility.  A  drop  of  liquid  nitrous  oside  blisters  the  skin  like  a 
hot  iron.  By  mixing  the  solid,  snow-liko  nitrous  oxide  with  the 
volatile  liquid  called  bisulphide  of  carbon,  and  evaporating  the 
mixture  in  a  vacuum,  the  lowest  temperature  which  has  hitherto 
been  attained  is  produced  ;  it  is  estimated  at  — 140°. 

Small  animals  immersed  in  gaseous  nitrous  oxide  die  after 
some  time,  but  it  may  be  respired  for  a  few  minutes  with  entire 
impunity  by  the  healthy  human  being.  The  physiological  effects 
of  this  gas,  when  respired,  vary  somewhat,  according  to  the 
quality  of  th»  gas  and  the  mode  of  administration  ;  sometimes  it 
produces  a  lively  intoxication,  attended  with  a  disposition  to 
muscular  exertion  and  violent  laughter,  whence  its  trivial  name 
of  laugkinff-gag ;  sometimes,  on  the  contrai'y,  it  produces  a  com- 
plet«  insensibility,  during  which  surgical  operations  may  he  per- 
formed without  pain.  When  intended  for  respiration,  great  atten- 
tion should  be  paid  to  the  purity  of  the  gas ;  carefully  prepared 
and  judiciously  administered,  it  is  advantageously  used  as  an  ante- 
sthetie  agent,  especially  for  operations  lasting  hut  a  few  seconds. 

As  the  gas  contains  nearly  twice  as  much  oxygen  as  atmospheric 
air,  it  docs  not  seem  strange  that  it  should  make  common  com- 
bustibles burn  with  great  intensity ;  it  forms  explosive  mixtures 
with  hiany  inflammable  gases ;  it  causes  glowing  charcoal  to  bui'st 
into  flame,  and  sulphur  and  phosphorus  burn  in  the  gas  with 
great  brilliancy,  if  well  on  fire  when  immersed  in  it. 
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Rip.  36. — Place  a  bit  of  sulpkut  in  &  deflagrating  apoon,  nnd  igiilte 
it  with,  tlio  lenat  possible  appiicatJon  of  beat ;  tlitn  thrust  it  into  a 
bottle  of  nitrous  oxide.  It  will  be  estinpiiislied.  Yet  it  would  con- 
tinue to  bum  in  the  air.  Heat  the  eulphur  much  hotter,  and  agiiin 
inti'oduee  it  into  tho  botfle  of  nitrous  oiide.  It  will  njw  bum  far 
more  brilliantly  than  in  the  air. 

The  air  is  not  a  chemical  compound,  but  only  a  mechanical  mixture 
of  nitrogen  and  oiygen;  so  that  a  body  burning  in  the  air  has  only  to 
take  oxygen,  which  is  perfectly  free  to  join  it.  The  case  ia  entirely 
different  when  the  substance  at  whose  expense  the  oxygen  ia  furnished 
is  a  chemical  compound;  to  dismember  the  compound  will  req^uire  a 
force  superior  to  that  which  binds  its  elements  together.  Before  the 
sulphur,  in  this  experiment,  can  unite  with  oxygen,  it  must  detach 
the  oxygen  from  the  nitrogen  with  which  it  Ib  combined.  To  accom- 
plish this,  the  snlphur  must  be  hotter  than  it  need  be  for  simple  burning 
in  the  air.  We  shall  soon  learn  that  there  ate  many  chemical  com- 
pounds, much  richer  in  oxygen  than  either  the  air  or  nitrous  oxide, 
which  nevertheless  cannot  support  combustion  at  aD,  in  the  ordinary 
senae  of  the  term,  and  this  simply  because  the  common  combustibles 
are  quite  unable  to  detach  the  oxygen  from  the  elements  with  which 
it  ia  already  combined. 

69.  Nitric  Oxide. — The  nitrous  oxide  whieh  we  have  thus 
studied,  is  a  derivative  of  nitric  acid,  or,  more  exactly,  of  the 
compound  of  nitric  acid  with  ammonia-water,  but  it  is  only  one 
of  several  such  derivatives.  We  proceed  to  investigate  another 
Bubstance  still  more  directly  obtained  from  nitric  aoid, 

Exp.  37,^Place  some  copper 
turnings  or  filings  in  a  bottle  ar- 
ranged precisely  as  for  genera- 
ting hydrogen  (see  Exp.  19),  and 
pour  upon  them  one  half  of  the 
nitric  acid  still  remaining  from. 
Exp.  32,  previously  diluting  this 
portion  of  acid  with  twice  its 
bulk  of  water.  Brisk  action  wilt 
immediately  occur.  The  bottle 
becomes  filled  with  red  fumes, 
but  when  the  gas  disengaged  is 
collected  over  water,  it  ia  found 
to  be  colorless.  Collect  fonr  bot- 
tles, of  300  to  400  0.  c.  capacity. 
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of  this  gas.  Sftve  the  blue  solution  (nitrate  of  copper)  which  remwus 
in  the  generator  fur  future  use. 

Exp.  38.^Dip  a  lighted  candle  into  a  bottle  of  the  gaa.  It  goes 
out.  Into  the  same  hotlle  thrust  &  glowing  splinter  of  wood.  It  will 
not  inflaine. 

Exp.  39.  Lift  a  bottle  of  the  gas  from  the  water  eo  that  the  air  may 
enter  the  bottle,  and  the  gas  may  escape  into  the  Mr.  Red  fumes,  oi 
veiy  disagi'eeable  sniell,  and  very  irritating  when  inhaled,  are  abun- 
dantly produced.  Bring  in  contact  with  these  fumes  a  piece  of  mois- 
tened litmus-paper.     It  will  be  immediately  reddened. 

Exp.  40. — Thoroughly  ignite  a  bit  of  sulphur  in  a  deflagrating- 
spoon,  and  introduce  it  into  a  bottle  of  the  gaa.     It  will  not  hum. 

Exp.  41. — Inl«  the  same  bottle  thrust  a  piece  of  phosphorus  as  big 
as  a  pea,  bummg  actioely.  The  combustion  will  be  continued  with 
great  brilliancy. 

70.  The  new  gas  is  transparent  and  colorless,  and  that  it  is 
sparingly  soluble  in  water  may  be  inferred  from  the  fact  that 
hotlles  of  it  may  stand  indefinitely  over  water  without  appre- 
ciable loss.  It  differs  from  nitrons  oxide,  and  from  all  the  other 
gases  thus  far  studied,  in  its  relation  to  combustibles.  The  com- 
monest combustibles  will  not  burn  in  it  at  all ;  pbosphoi-us  may 
be  melted  in  the  gaa  without  inflaming ;  but  when  its  combustion 
is  once  started,  phosphorus  burns  with  a  -vividness  ■which  recalls 
its  burning  in  oxygen. 

When  the  gas  touches  the  air,  a  new  compound,  red,  acid,  and 
irritating,  is  immediately  produced;  the  question  arises.  Is  it 
the  nitrogen  or  the  oxygen  of  the  air  which  gives  rise  to  this 
new  combination?  Experiment  would  answer  this  question  in 
favor  of  oxygen.  If  into  a  bottle  of  this  new  gas  nitrogen  were 
introduced,  the  result  would  be  simply  negative;  no  visible 
change  and  no  chemical  combination  would  take  place.  The 
introduction  of  osygen  into  a  bottle  of  the  gas  would,  on  the 
other  band,  produce  the  red  vapors  in  question,  only  more 
vividly  than  air,  because  dilution  with  the  inert  nitrogen  of  the 
air  would  have  been  avoided.  So  visible  and  trustworthy  is  this 
reaction,  that  the  gas  we  are  studying  may  be  nsed  to  exhibit 
the  presence  of  fi^e  oxygen  in  gaseous  mixtures.  For  example, 
both  oxygen  and  nitrous  oxide  reinflame  a  glowing  splinter,  and 
we  cannot  distinguish  between  these  two  gases  by  this  test ;  but 
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Che  gas  we  are  now  studying  supplies  us  with  a  means  of  diseri- 
minafion,  since  it  produces  no  red  fumes  with  nitrous  oxide. 

If  B  sufficient  quantity  of  the  metal  potaaaium  be  heated  in  the  dry 
gas  till  it  bums,  and  the  experiment  be  so  executed  as  to  allow  the 
volume  of  gaa  to  be  measured  both  before  and  after  the  combustion,  it 
will  be  found  that  one  half  of  the  volume  of  gas  used  has  disappeared, 
aad  that  the  Iialf  which  remains  possesses  few  or  none  of  the  qualities 
of  the  original  gas ;  a  slight  examinatiou  would  convince  us  that  we 
had  set  free  the  well-ltnowa  element  nitrogen.  The  other  half  of  the 
original  volume  of  gas  has  united  with  the  potassium  to  form  a  body 
which  we  shall  hereafter  be  iamiliar  with  under  the  name  of  oxide  of 
potassium.  The  other  half  of  the  gaa  is  then  oxygen,  and  we  have 
found  the  elements  which  enter  into  the  composition  of  this  gas,  and 
the  Tolumetric  proportions  in  which  they  are  united.  One  volume  of 
nitrogeois  combined  with  one  volume  of  oxygen  to  f  rra  t  o  lumes 
of  the  compo  md  gas 

"We  meet  here  the  first  case  of  chemiLsl  comb  at  n  betwe  n 
two  gases  unattended  hj  an\  condensation  of  tli  g  1  nt 
The  molecule  of  the  gas  wil!  be  represented  by  the  f  mul  NO 
and  its  elements  aie  united  bv  weight  in  the  p  oj  ti  n  ot  14 
parts  of  nitngen  to  lb  ot  uxjgen  leeause  equal  volumes  of 
nittogen  and  o-^\geti  weigh  reipectively  14  and  16  times  as 
much  as  the  same  volume  of  hydr  gen  The  gas  is  another  oxide 
of  nitrogen,  and  is  distinguished  by  the  name  niltic  oxide. 

"When  there  are  two  or  more  oxides  of  one  element,  the  termi- 
nation oua  implies  less  oxygen,  than  the  termination  ie,  as  in  this 
ease ;  nitrows  oxide  contains  half  as  much  oxygen  for  its  nitrogen 

Nitric  oxide  is  one  of  the  permanent  gases  ;  it  has  never  been 
liquified.  It  is  a  very  stable  compound,  and  if  perfectly  dry  is 
not  decomposed  by  a  red  heat  or  by  the  action  of  electric  sparks. 
Owing  to  its  rapid  union  with  oxygen  and  the  formation  of  acid 
products,  its  taste,  smell,  and  r^pirability  cannot  be  ascertained. 
Bearing  in  mind  the  fact  that  certain  red  acid  fames,  the  like  of 
which  we  remember  to  have  seen  in  making  nitrie  acid,  are 
formed  by  adding  oxygen  to  nitric  oxide,  we  proceed  to  a  further 
study  of  still  other  oxides  of  nittogen. 

71.  ffyponifrie  Aeid.^-'Whe'a  a  mixture  of  two  volumes  of 
nitric  oxide  and  one  volume  of  oxygea,  thoroughly  Btirred  to- 
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gallier  and  perfeetlr  dried,  is  submitted  to  the  action  of  a  freezing 
mixture  of  salt  and  ice,  transparent,  colorless  crj"stals  aro  con- 
densed  from  the  mixed  gases;  but  if  the  least  trac«  of  moisture 
has  been  present,  the  product  ■will  bo  an  almost  colorless  liquid. 
The  vapor  of  this  new  substance  has  a  brownish  red  color;  from 
3  mixture  of  two  measures  of  nitric  oxide  and  one  measure  of 
oxygen,  two  measures  of  tho  new  vapor  are  produced.  Since 
two  measures  of  nitric  oxide  contain  one  measure  of  nitrogen  and 
one  of  oxygen,  the  composition  of  the  new  substance  may  be 
represented  by  the  accompanying  diagram ;  the  molecule  will  be 
represented  by  the  formula 
H"Oj,  and  the  composition  of 
the  substance  by  weight  will    j"!^"! 

be  14  parts  of  nitrogen  to  32    | | 

of  oxygen.  The  name  of  this 
new  body  is  Hyponitric  acid, 
a  name  derived  from  nitric  acid  by  prefixing  the  Greek  {pno, 
"  below."  The  term  is  used  to  indicate  that  the  substance  to 
which  it  is  applied  contains  less  oxygen  than  the  other  substance 
from  which  the  name  is  derived.  Thus  hyponitric  acid  contains 
less  oxygen  than  nitric  acid,  hypoeulphuroua  acid  less  than  sul- 
phurous, and  so  forth.  It  remains  to  justify  this  assertion  re- 
specting the  comparative  oxygen -contents  of  hyponitric  and 
nitric  acids. 

Exp.  42.— Add  to  the  nitric  acid  which  remains  from  Exp,  32,  pre- 
viously diluted  with  twice  its  bulk  of  water  and  warmed  over  the 
lamp,  finely  powdered  lithflige  in  small  portions  so  long  as  it  readily 
dissolves.  The  operation  may  be  best  performed  in  an  evaporating- 
dish,  which  should  be  only  very  moderately  heated.  The  substance 
sold  under  the  name  of  lithai'ge  is  a  simple  combination  of  the  two 
elements,  lead  and  oxygen;  the  formula  of  its  molecule  is  PbO,  in 
which  Pb  represents  the  least  proportional  weight  of  metallic  lead 
(plumbum) ;  its  composition  by  weight  is  aecuiatelv  known.  When 
the  litharge  no  longer  dissolves  with  promptness,  no  more  should  he 
added,  and  the  liquid  in  the  dish  should  be  evaporated  to  dryness,  at 
first  on  the  wire  gauze  over  the  lamp,  but  towards  the  end  c»  tie 
operation  on  a  water-bath. 

During  this  evaporation  there  escape  into  the  air  unchanged,  water 
and  the  excess  of  nitric  acid  which  was  not  neutralized  by  the  oxide 
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of  lead.  There  remains  a  white,  saline  substance,  which  has  resulted 
from  the  combination  of  the  oxide  of  lead  with  a  portion  of  the  nitric 
acid ;  it  is  called  nitrate  of  lead.  Experience  has  proved  that  it  is  a  per- 
fectly dry  substance,  containing  no  water  whatever;  it  is  the  raw  mate- 
rial, 80  to  speak,  of  important  experiments  shortly  to  he  described. 

E3:p.  43. — Heat  one  or  two  teaspoonfuls  of  the  nitrate  of  lead,  of 
Exp.  42,  in  an  ignition-tube,  and  observe  that  the  compound  decom- 
posea;  deep  red  fiimea  are  produced,  and  oside  of  lead  (lithai^e)  is 
left  behind.  If  these  red  vapors  he  carried  through  a  U-tiibe  immersed 
in  a  mixture  of  ice  and  salt,  a  portion  of  the  vapors  condense  into  a 
liquid,  while  an  uncondensable  jras  passes  through  the  cold  tube,  and 
may  be  collected  by  a  suitable  arrangement  beyond  the  "U-tube.  The 
condensed  liquid  is  hyponitric  acid ;  the  gas  ia  oxygen.  If  the  com- 
plete absence  of  moisture  has  been  secured,  crystals  of  hyponitric  acid 
may  often  he  obtained  by  replacing  the  first  U-tube  by  a  second  to- 
wards the  end  of  the  distillation.  In  fact,  this  is  by  far  the  most  con- 
venient method  of  preparing  hyponitric  acid.  Into  the  U-tube  con- 
taining the  liquid  hyponitric  acid  drop  a  hit  of  ice  or  a  little  snow ; 
the  color  of  the  solution  changes  from  reddish  to  a  greenish  blue,  and 
two  layers  become  visible  in  the  liquid.  The  explanation  of  this 
change  will  he  found  in  the  next  section. 

The  name  of  hyponitric  acid  ia  now  justified;  for  it  is  apparent 
that  when  the  litharge  was  dissolved  ia  nitric  acid,  it  found  there, 
and  combined  with,  an  oxide  of  nitrogen  containing  more  oxygen 
than  hyponitric  acid  does,  since  when  this  oxide  of  nitrogen  is 
decomposed  by  heat,  as  in  the  experiment  just  described,  hypo- 
nitric acid  and  oxygen  are  evolved,  the  litharge  remaining  behind 
unaltered.  Eeserving  the  further  discussion  of  tho  composition 
of  nitric  acid,  we  may  here  speak  of  the  properties  and  products 
of  hyponitric  acid. 

72.  Hyponitric  acid  oecurs  in  the  solid,  liquid,  and  gaseous 
states ;  at  — 9°  it  crystallizes;  above  that  temperature  and  below 
22°  it  is  a  mobile  liquid  of  sp.  gr,  1-451,  and  of  various  colors  at 
various  temperatures ;  it  boils  at  22°.  The  Kquid  acid  gives  off 
red,  acid,  irrespirable  vapors  at  the  ordinary  temperature.  If  to 
liquid  hyponitric  acid,  cooled  by  ice  and  salt,  a  proportionally 
small  quantity  of  ice-water  be  added,  two  layers  of  liquid  are 
formed,  as  has  been  above  illustrated,  the  upper  and  least-colored 
of  which  consists  principaUy  of  nitric  acid,  the  lower  and  darker 
of  a  fluid  which  yields,  on  cautious  distillation  at  a  low  tempe- 
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ratnre,  a  very  volatile  blue  liquid.  This  lilae  liquid  ia  ao  unstable 
that  its  composition  and  qualities  are  not  certainlj-  known  ;  but 
it  is  supposed  to  be,  or  to  contain,  an  oxide  of  nitrogen  differing' 
from  all  those  heretofore  studied, — an  oxide  capable  of  direct 
derivation  from  nitric  oxide  by  adding,  to  any  volume  of  this  last, 
one-fourth  that  volume  of  pure  oxygen,  and  therefore  answering 
to  the  formula  N,0^,  and  being  composed  of  28  parts  by  weight 
of  nitrogen  and  48  parts  of  oxygen.  This  obscure  substance  is 
known  by  the  name  of  nitrons  acid;  though  itself  but  imper- 
fectly known,  some  of  its  compounds  are  not  unfamiliar  bodies. 

73.  "We  have  already  learned  that  tbe  white,  saline  substance 
called  nitrate  of  lead  can  be  made  from  oxide  of  lead  and  nitric 
acid,  that  it  contains  no  water  ia  its  composition,  and  that  when 
heated  it  is  decomposed  into  oxygen,  an  oxide  of  nitrogen,  and 
the  original  oxide  of  lead.  On  the  basis  of  these  facts,  a  method 
has  been  constructed  of  determining  the  composition  of  nitric  acid 
6y  weiffht. 

To  10  grammes  of  oxide  of  Jead  add  something  more  than  enongb 
nitric  acid  to  transfonn  it  completely  into  nitrate  of  lead ;  evaporate 
the  excess  of  acid,  dry  the  residual  nitrate  of  lead  completely,  and 
weigh  it.  If  W  represent  tiis  weight  in  grammes,  W  — 10  is  the 
weight  of  the  unlcnown  oxide  of  nitrogen  which  has  combined  with  10 
grammes  of  oxide  of  lead  toformW  grammes  of  nitrate  of  lead.  From 
these  data  the  percentiige  composition  of  nitrate  of  lead  can  be  calcu- 
lated i  10  grammes  of  pure  nitrate  of  lead  invariably  contain 
Oxide  of  lead  ....  G  738  grammes. 
Oxide  of  nitrogen  .  .  .32G2  „ 
if  now  10  grammes  of  pure  nitrate  of  lead  be  decomposed  by  heat 
under  such  conditions  that  the  vapors  which  it  j-ields  ihall  pass  over 
some  substance  capable  of  abstracting  all  the  oxygen  from  the  vapors 
without  aftecting  the  nitrogen,  it  will  be  possible  to  collect  all  th» 
nitrogen  contained  in  33G3  grammes  of  the  unknown  oMde  of  nitro- 
gen, and  so  to  determine  its  volume  and  thence  its  weight. 

This  determination  is  actually  made  by  headng  the  nitrate  of  lead  in 
B  long  glass  tube,  in  sueh  a  manner  that  all  the  vapors  evolved  from  it 
pass  over  a  lai'ge  surface  of  red-hot  copper.  The  copper  absorbs  the 
oxjgec,  the  nitrogen  passes  over  it  unaltei'ed  and  is  collected  in  a  suit- 
able vessel  and  accurately  measured.  As  the  specific  graviQ"  of  nitro- 
gen at  any  given  temperature  and  pressure  is  known  with  precision, 
the  exact  weight  of  the  nitrogen  can  be  deduced  from  this  volunm 
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Such  experimeata  often  repeated  have  led  to  the  conclusion  that  the 
oxide  of  nitiogen,  which  with  oxide  of  lead  malies  up  nifiiate  of  lead, 
contains 

Nitrogen 25'93  per  cent. 

Oxygen 74-07       „ 

If  these  two  numbers  be  di-vldeJ  by  the  specific  eravities.  or  iinit- 
vclume-wei*!ii9,  of  the  two  gases  respectively,  the  qiiolients  will 
express  the  composition  by  measure  of  the  oxide  of  nitrogen  ;  the 
quotients  are  1802  and  4-63,  numbers  which  are  to  each  other  as  1  to 
3  S  or  avoiding  fractions,  as  2  to  5. 

The  molecule  of  this  compound  ia  therefore  conadered  to  contain 
two  volumes  of  nitrogen  and  five  volumes  of  oxygen,  and  is  represented 
by  the  formula  N^O, ;  the  weight  of  this  molecule  will  be  108,  of 
which  28  pails  will  be  nitrogen  and  80  oxygen, — a  composition  pre- 
cisely corresponding,  of  course,  to  the  percentage  composition  above 
given.  This  new  oxide  of  nitrogen  may  be  call<'d  for  the  present  nitric 
acid,  though  we  shall  soon  leai'H  to  distinguish  between  this  body  and 


74.  The  combining  proportions  of  nitrogen  and  oxygen  in  iliis 
oxide  have  been  experimentally  determined  by  weight,  and  not 
by  volume,  as  was  tho  case  with  all  the  preceding  oxides  of 
nitrogen.  The  reason  of  this  diiferent  treatment  is  to  be  found 
in  the  fact  that  nitric  acid  cannot  be  converted  into  vnpor  with- 
out suffering  decomposition — not  indeed  into  its  elements,  but 
into  oxygen  and  a  lower  oxide  of  nitrogen.  It  is  therefore,  in 
the  present  state  of  science,  im')ossible  to  obtain  a  volume  of 
nitric  acid  gas  capable  of  expeiimental  resolution  into  nitrogen 
and  osj-gen. 

Since  a  lai^e  majority  of  the  elementary  bodies  are  non-volatile 
under  any  treatment  in  our  power  to  employ,  and  since  the  greater 
number  of  chemical  compounds  either  are  non-volatile,  or  are, 
like  nitric  acid,  decomposed  by  a  temperature  high  enough  1o 
volatilize  them,  the  proportions  in  which  the  elements  unite  by 
weight  are  of  much  more  general  value  than  the  proportion's  in 
which  they  unite  by  volume;  and  the  metbodi  of  determining  the 
atomic  weiyhis  of  the  elements  have  been  studied  with  a  thorough- 
ness, and  bronght  to  a  perfection  commensurate  with  the  funda- 
mental importance  of  these  proportional  nnmbers, 

75.  Nitrio  acid  eompletea  the  scries  of  oxides  of  nitrogen  ;    no 
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higher  oxide  ia  known.  We  are  now  prepared  to  exhihit  this 
eeries  in  a  dii^ram  which  shall  present  to  the  eye  at  once  the 
volumetric  composition  of  the  oxides,  the  resultant  volumes  after 
the  condensation  of  the  ingredients,  the  atomio  weights  of  the 
elements,  and  the  combining  weights  of  the  compounds.  Since 
the  atomic  weights  of  the  gaseous  elements  are  at  the  same  time 
their  specific  gravities  referred  to  hydrogen,  it  will  be  easy  to 
deduce  the  specific  gravities,  or  equal-volume  weights,  of  the 
compound  gases,  N^O,  NO,  and  NOj.from  their  combining  weights 
by  dividing  these  weights  by  two.  As  the  resultant  volumes 
after  condensation  are  not  known  for  the  two  members  of  this 
series  W,0,  and  WjOj,  we  abstain  from  figuring  hypothetical 
volumes  which  analogy  may  point  to  as  probable,  but  which  ex- 
periment has  never  demonstrated  an  fact. 

The  Oxides  op  Nitrogen. 
Nitrous  Oxide.  Nitric  Oxide. 
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76,  These  Are  bodies  are  all  chemical  compounds ;  they  ore 
definite  and  constant  in  composition ;  and  all  differ  essentially 
from  their  elementary  constituents  and  from  each  other,  as  the 
experiments  we  have  performed  with  them  have  abundantly  de- 
monstrated. It  is,  therefore,  obvious  that  two  of  the  elements 
are  capable  of  combining  in  several  proportions  to  form  definite 
chemical  componnds ;  and  what  is  here  proved  of  two  of  the 
1 1(  m(>nts  we  shall  hereafter  find  to  be  true  of  all,  though  not  of 
eviry  couple  ;  so  that  the  series  of  oxides  of  nitrogen  is  hut  one 
illustration  of  a  most  comprehensive  law.  The  difference  between 
a  mochanical  mixture  and  a  chemical  compound  does  not  on  this 
account  become  less  marked.  The  possible  jnixtures  of  nitrogen 
with  oxygen  are  innnm^rable ;  the  known  combinations  of  these 
two  elements  are  only  five, — two  volumes  of  nitrogen  combining 
chemically  either  with  one,  two,  three,  four,  or  five  volumes  of 
oxygen,  and  with  no  other  proportions  whatsoever.  As  for 
volumes,  so  for  weights  ;  the  proportional  weight  of  oxygen  in 
these  oxides  rises  by  definite  leaps  from,  the  first  member  of  the 
series  to  the  last. 

This  definite,  step  by  step  mode  of  forming  ctemical  com- 
pounds is  one  of  the  most  characteristic,  as  it  is  one  of  the  most 
general  facta  of  chemistry;  no  other  science  offers  a  parallel  to 
it ;  but  long  experience  and  patient  labor  with  the  balance  and 
measuring-glass  have  established  it  aa  the  habitual  mode  in  which 
the  force  called  chemical  ordinarily  acts.  The  abstract  results 
of  observation  and  experiment  may  be  expressed  in  the  following 
proposition,  often  callid  the  Law  ot  Multiple  Proportions :  If  ia'O 
bodies  eombine  m  more  than  one  proportion,  the  ratios  in  wMrh 
tkey  combine  m  the  second,  tlaid,  awi  subseqaent  compounds  are 
definite  -muUvples  of  those  in  which  they  combine  to  form  the  first. 

"While  the  mode  of  action  of  the  chemical  force  set  forth  in 
this  proposition  is  that  which  has  long  been  uppermost  in  the 
minds  of  chemists,  most  prominent  m  chemical  treatises,  and 
perhaps  most  important  te  the  progress  of  the  science  in  the 
direction  in  >whieh  it  has  thus  far  been  culbvated,  it  should  be 
remembered  that  m  the  phenomena  of  solution,  ja  the  formation 
of  metallic  aUois  bj  fusion,  and  in  the  cij^talbzation  of  mineiala 
and  other  Bubstdflt-ea  with  CQttstant  forms  Imt  variable  composi- 
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tion,  the  (ihcmical  force  has  a  part  to  pkywhicb,  if  more  obscure 
than  its  ordinary  manifestations,  is  not  less  real. 

77,  Air  a  mixture.- — All  that  has  been  said  of  the  distinefion 
between  a  mechanical  mixture  and  a  chemical  combination  finda 
perfect  illustration  in  the  difFerencea  between  air  and  the  deiinite 
oxides  of  nitrogen  which  have  just  been  studied.  Air  is  not,  like 
these,  a  choraical  combination.  The  evidence  that  it  is  a  mecha- 
nieal  misturo  merely  may  here  be  appropriately  presented. 

The  statement  that  air  contains  1  volume  of  oxygen  to  4voIume8 
of  nitrogen  is  not  absolutely  true.  These  proportions  are  never 
actually  found  ;  the  gases  are  not  combined  in  any  simple  ratio 
either  by  volume  or  weight ;  they  are  always  mixed  in  the  pro- 
portion of  20'81  measures  of  oxygen  to  7919  measures  of  nitro- 
gen, or  2310  parts  by  weight  of  oxygen  to  76'90  parts  of  nitrogen. 
The  experimental  processes  by  which  these  numbers  have  been 
fixed  are  so  perfect,  that  it  is  impossible  to  entertain  the  idea 
that  the  gases  are  really  mixed  in  the  ratio  of  20  measures  to  80, 
or  1  volume  to  4  volumes,  or  the  proportion  of  20  parts  by  weight 
of  oxygen  to  70  of  nitrogen,  as  the  formnia  N^O  would  require, 
Wh<,n  20'81  parts  of  oxygen  are  mixed  with  79-19  of  nitrogen, 
there  is  no  development  either  of  light,  heat,  or  electricity,  such 
as  usually  attends  the  formation  of  a  chemical  eompotind  ;  and 
the  specific  gravity,  magnetism,  and  refractive  power  of  the  mix- 
ture are  such  as  calculation  would  directly  deduce  from  the  num- 
bers expressing  these  properties  for  the  two  constituents. 

We  have  seen  that  when  nitric  oxide  is  added  to  nitrous  oxide 
no  red  fumes  are  produced  (§  70),  but  that  when  the  nitric  oxide 
is  brought  in  contact  with  air  these  suifocating  fumes  are  abun- 
dantly formed,  though  the  air  contains  only  half  as  much  oxygen 
as  the  nitrous  oxide.  These  experiments  go  to  show  that  while 
in  nitrons  oxide  the  oxygen  is  held  in  chemical  combination,  in 
air  it  is  free. 

Strong  positive  evidence  that  air  is  a  mere  mixtare  is  afforded 
by  its  behavior  towards  water.  All  gases  are  soluble  in  water 
to  a  greater  or  less  extent,  each  one  dissolving  in  a  certain  fixed 
and  definite  proportion  at  any  given  temperature  and  pressure. 
Thus  at  15°  and  a  pressure  of  76  cm.  of  mercury,  1  volume  of 
Tater  dissolves  0'0193  volume  of  hydrogen  and  0-7778  volume 
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those  proportions  ia  whiuh  the  elements  are  united  in  air. 

Water  does  not  dissolve  air  directly  as  such,  as  it  should  do 
were  air  a  chemical  compound ;  but  it  dissolves  out  from  it  a 
quantity  of  oxygen,  just  as  if  no  nitrogen  were  present;  at  the 
same  time  it  diesolves  nitrt^en  in  accordance  with  the  soluljility 
of  this  element,  and  to  precisely  the  same  extent  that  it  would 
absorb  it  if  there  were  no  oxygen  in  the  fur.  Osygen  is  dis- 
solved by  water  in  larger  proportions  than  nitrogen ;  1  volume 
of  water  at  15°  and  under  a  pressure  of  76  cm.  of  mercury 
dissolves  002989  volume  of  oxygen,  but  only  O'OHS  volume 
of  nitrogen. 

JEip.  44, — By  means  of  a  sound  perforated  cork  or  caoutchouc 
stopper,  adapt  to  a  flask  of  the  capacity  of  1  or  2  hires  a  gas-delivery 
tube,  No.  6,  long  enough  to  reach  to  the  water-pan  in  the  usual  way. 
Upon  the  outer  end  of  the  delivery-tube  tie  a  short  piece  of  caoutchouc 
tubing,  to  wliieh  a  stopper,  made  of  &  bit  of  glass  rod  or  a  wooden  phig, 
has  been  fitted.  Fill  the  flask  completely  with  ordinaiy  well  or  river 
water;  All  also  the  delivery-tube  with  water,  and  close  it  by  patting 
the  stopper  in  the  eaoutctoue  tube.  Carefully  place  the  cork  of  the 
delivery-tube  in  (he  neck  of  the  tlask  in  such  manner  that  no  air  aliall 
be  entangled  by  the  cork ;  at  the  same  moment  remove  the  plug  from 
the  delivery-tube,  and  finally  press  the  cork  firmly  into  the  flask.  Both 
Bask  and  tube  wUl  now  be  completely  full  of  water.    Place  the  dried 
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flaakiipon  iirin*  of  the  iron  stand,  and  invert  a  small  bottle  filled  with 
wnter  over  the  end  of  the  deliverj-tube.  Then  slowly  bring  tip  con- 
tents of  the  flask  to  boiling. 

As  the  water  gradnally  becomea  warm,  numerous  little  bubbles  of 
gaa  will  lie  seen  tfl  separate  from  the  liqnid  and  to  collect  upon  the 
sides  of  the  flask;  these  subsequently  coalesce  to  larger  bubbles, -which 
collect  in  the  neck  of  the  flask.  As  soon  as  the  water  actually  boils, 
the  steam  will  force  this  air  out  of  the  flask,  and  it  will  collect  in  the 
inverted  bottle  at  the  end  of  the  delivery-tube,  the  steam  being  mean- 
while condensed  as  fast  as  it  comes  in  contact  with  the  cold  water  in 
tho  pan.  By  continuing  to  boil  moderately  during'  ten  or  fifteen  mi- 
nutes, nearly  all  the  air  can  bs  swept  out  from  the  flask  by  means  of 
(he  escaping'  steam.  The  g-as  delivery-tube  may  then  be  lifted  from 
the  -water-pan  and  the  lamp  extinguished. 

From  a  litre  of  ordinary  water  about  50  c.  c.  of  gas  can  usually 
be  obtained.  This  contains,  of  course,  besides  oxygen  and  nitro- 
gen, a  certain  amount  of  carbonic  aeid ;  but  earefnl  analyses 
have  shown  th&t  it  is  much  richer  in  osygen  than  ordinary  air, 
the  proportion  of  oxygen  to  nitrogen  in  the  gas  from  water  being 
as  32  to  68  in  100  volumes,  instead  of  20-31  to  79-19  as  in  air. 

78.  Nitric  Aci4. — The  nitrie  acid  above  referred  to  (§  73), 
■whose  composition  is  represented  by  the  formula  N^Oj,  is  an  un- 
stable soHd  which  melts  at  30° ;  the  liquid  produced  boils  at  47" 
and  is  decomposed  at  80°.  The  crystals  of  this  substance  are 
transparent  and  colorless ;  they  nndergo  spontaneous  decomposi- 
tion into  hyponitric  acid  and  oxygen,  even  when  preserved  in 
closed  tubes.  It  is  obvious  that  this  is  not  the  common  nitrie 
acid  with  which  we  are  already  familiar.  It  remains  to  demon- 
strate that  commercial  nitric  acid  contains  water  and  the  oxide  of 
nitrogen  N^Oj.  A  single  experiment  may  be  made  use  of  to 
demonstrate  the  presence  of  water  in  common  nitric  acid,  and  at 
the  same  time  to  determine  the  proportion  in  which  it  enters  into 
the  composition  of  the  sample  of  acid  examined. 

By  adding  to  a  known  weight  of  common  nitrie  acid  (10  gramme?, 
for  example}  a  weighed  quantity  of  the  oxide  of  lead  much  larger  than 
the  acid  is  able  to  dissulve  (100  grammes,  for  instance),  and  then 
heatinjv  the  mixture,  with  suitable  precautions  against  over-beating,  in 
a  weighed  flask,  the  vapor  of  water,  and  nothing  else,  is  given  oft'; 
this  vapor  may  of  course  be  condensed,  and  proved  to  be  common 
water.     Since  the  oxide  of  lead  containa  no  water,  and  the  nitrate  of 
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lend  is  nlso  anhydrons,  it  follows  that  whatever  water  escupes  from  the 
tlask  during  the  heating  must  ba  derived  from  the  10  grammes  of  nitric 
acid,  and,  further,  that  if  the  heating  ba  long  enough  maiutMned,  nil 
the  water  which  the  acid  contained  will  be  expelled.  By  weighing  the 
flaak  nnd  its  contents  after  all  water  has  been  thus  driven  out,  the  loss 
of  weight  will  he  the  quantity  of  water  contained  in  the  10  grammes 
of  iidd. 

It  has  been  already  proved  (Exp,  42)  that  the  nitrate  of  lead, 
which,  with  a  quantity  of  unused  litharge,  constitutes  the  residue 
in  tlie  flask,  yields  the  oxide  of  nitrogen  N^O,.  If  this  oxide  of 
nitrogen  be  called  nitric  acid,  then,  is  the  common  acid  hijdrated 
nitric  acid ;  bat  if  the  shorter  name,  nitric  acid,  be  applied  to  the 
commoner  substance  the  commercial  acid,  then  the  oxide  NjO, 
must  be  diatinguisbed  as  anhydrous  nitric  acid. 

79.  Anhydrous  nitric  acid  unities  with  water  in  at  least  two 
definite  proportions ;  its  molecule  combines  with  one  molecule  of 
w  t  wth  f        t    f  rm  th    1       h  d    t     rep         t  d  by  th 
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Bpecific  gravity  of  1'42,  and  contivining  60  per  cent,  of  anhyclroiis 
nitric  acid.  To  this  last  hydrate  all  weaker  and  stronger  acids 
ore  alike  converted  by  boiling.  The  ordinary  nitric  acid  of  com- 
mei-ee  has  a  specific  gravity  of  cither  140  or  142,  and  therefore 
contains  either  56  or  60  per  cent,  of  anliydrona  nitric  acid. 
Sometimes  its  specific  gravity  is  as  low  as  1-33  or  1-28.  What 
is  known  in  commerce  aa  aqna  fortia  is  a  still  weaker  nitric  acid 
containing  some  nitrous  acid  and  other  impurities. 

80.  Hitric  acid,  especially  when  hot,  gives  up  a  part  of  its 
oxygen  with  great  i'acility  to  substaJicea  capable  of  combining 
with  oxygen.  When  a  substance  habitnally  and  readily  imparts 
oxygen  to  other  bodies  with  which  it  is  brought  in  contact,  it  is 
called  an  oxidizing  agent ;  and,  on  the  other  hand,  a  substance 
which  habitually  and  readily  takes  oxygen  out  of  other  substances 
■with  which  it  is  brought  in  contact,  is  colled  a  reducing  agent. 
When  concentrated,  nitric  acid  acts  with  more  energj-  than  when 
diluted  with  water ;  and  when  mixed  with  strong  sulphuric  acid 
(a  snlstanee  vhi  h  tends  to  take  water  from  other  compounds), 

t  be  n  3  an  o  idizing  agent  of  intense  power.  We  have  seen 
1  qn  d  n  tn  a  d  yield  a  part  of  its  oxygen  to  copper  with  evolu- 
ti  n  of  n  t  oxide,  a  lower  member  of  the  series  (Exp.  37),  and 
we  have  als  1  a  ned  that  the  vapor  of  anhydrous  nitric  acid  will 
gi  e  all  ts  oi.jt,en  to  red-hot  copper,  nitrogen  being  set  free 
(§  73).  Most  of  the  metals  are  dissolved  by  nitric  acid,  with 
evolution  of  one  or  other  of  the  lower  oxides  of  nitrogen ;  and 
sulphur,  phosphorus,  arsenic,  carbon,  and  mauy  other  less  familiar 
elements  are  converted  by  it  into  oxides.  Organic  substances 
arc  oxidized  by  nitric  acid  to  very  various  degrees  and  with  very 
various  products,  according  to  the  strengtii  and  temperature  of 
the  acid  employed. 

81.  Combining  Weights  of  Chemical  Compounds. — The  atomic 
weight  of  oxygen,  or  the  weight  of  the  least  proportional  quan- 
tity of  oxygen  which  enters  into  combination,  is  the  same  when 
it  unites  with  nitrogen  as  with  hydrogen.  It  is  a  general  fact, 
that  each  element  has  but  one  lenst  combining  weight  with  each 
and  all  of  the  other  elements.  The  atomic  hypothesis  is  based 
upon  this  important  fact.  .  This  hypothesis  attributes  to  the 
imagined  atom  of  each  element  a  constant  proportional  weight. 
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expressed  by  the  same  number  wbich  experiment  proves  to  be 
(he  combining  proportion  by  weight  of  the  element  taken  in 
finite,  ponderable  quantities.  In  this  sense  the  atom  of  oxygen 
is  said  to  be  16  times  as  heavy  as  the  atom  of  hydrogen,  and  the 
atom  of  nitrogen  14  times  as  heavy  as  _the  atom  of  hydrogen. 
The  oombining  weight  of  a  chemical  compound  ia  always  equal 
to  the  sum  of  the  atomic  weights  of  the  elementary  atoms  con- 
tained in  its  molecule.  Thus  the  combining  weight  of  water, 
H,0,  is  18=2+16;of  anhydrous  nitric  acid,  Hfi,,  ia  108 
=2x14+5x16;  of  monohydrated  nitric  aeid,  11^0,  N"jOj,  is 
120=2+2x14+6x16 

It  must  ncvLr  he  fo  gotten  that  these  combining  weights  are 
not  ahiolvU  weights  bnt  simply  express  the  proportions  by 
weight  m  which  the  elements  and  their  compounds  invariably 
unite  The  c  mbinmg  weight  of  a  compound  is  directly  deduced 
fiom  the  composition  tf  the  molecule,  or  least  quantity  of  the 
compound  nhioh  can  exist  by  itself  uncombined,  or  take  part  in 
auj  chemical  pioi'ess  To  correctly  determine  this  least  propor- 
tion xl  q  lantity  ofti  n  lequircs  a  large  accumulation  of  facts,  and 
a  just  coll'ition  of  these  facts,  such  as  is  possible  only  when  a 
wide  etpenenee  is  added  to  a  keen  insight  into  the  principles  of 
chemical  philosophy 

82  The  discussion  of  the  true  molecular  formula)  of  chemical 
etmjoundi  presents  d\theulties  which  render  it  entirely  unsuit- 
able for  our  present  stage  of  progress;  nitric  acid,  however,  will 
enalle  us  to  illustrate  one  of  the  difficulties  apperi;aining  to  the 
subject  "W  hen  nitnc  acid  dissolves  oxide  of  lead  (Exp.  42)  tho 
leaction  which  occurs  miy  bo  thus  symbolized: — 

rbO      +      HO,  N^Oj      =      PbO,  Np,      +      H^O 
LitJiarye  Nitiioacid.  Mtrateoflead.        Water. 

The  re'-ultmg  molecular  formulfe  of  nitrate  of  lead  is  not  divisible 
by  any  number  but  unity,  and  therefore  cannot  be  made  simpler 
and  still  express  the  same  proportional  combination  of  its  ele- 

If  in'.ti  ad  of  the  oxide  of  lead  we  employ  the  oxide  of  silver, 
we  shall  find  it  possible  to  express  the  resulting  molecule  oi 
nitiate  of  silver  by  two  formulas,'  either  of  which  will  represent 
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cotrcctlv  the  proportions  by  weight  in  which  the  elements  have 
comhincd  :— 

Ag,0     +     H,0,  N"p,     =      Ag,0,  K,0,     +     H,0 ;  or 
Oxide  of  silver.     Nitric  acid.         Nitrate  of  silver.       Water. 

Ag^O  +  H,0,  Np,  =  2AgN0^  +  H,0. 
Now  there  is  a  class  of  metals  ■which  enter  into  reactions  in  the 
maanerof  silver  in  the  ahove  equations ;  and  there  is  another  class, 
of  tthidi  lead  may  he  taken  as  an  exj,mple ,  and  the  difterence 
betnecn  these  two  classes  is  pnt  into  the  form  of  a  dchnition  by 
the  J>tatement  that  sjher  and  its  anilognes  are  wm  i-aJent  or 
mono-aiormo,  and  that  lead  and  its  analogues  are  6i  vileni  or 
hi-atomic, — terms  which  are  mltndtd  to  expreis  the  tact  that 
one  j,tom  of  any  metal  of  the  lead  cla'fs  11  capable  of  uniting  tnth 
twice  as  many  atoms  of  oxygen,  chlorine,  or  any  other  element 
as  one  atom  of  any  metal  of  the  silver  elaaa. 

The  nse  of  the  common  algebraic  signs  in  these  formulae  re- 
quires no  explanation.  The  sign  of  equality  denotes  the  equality 
of  the  snm  of  the  atomic  weights  on  either  side  of  it ;  a  nnmeral 
on  the  left  of  a  group  of  symbols  JB  intended  to  multiply  the  whole 
group,  unless  a  comma  divides  the  group,  in  which  ease  the  nu- 
meral multiplies  that  part  of  the  group  on  the  left  of  the  comma ; 
brackets  are  sometimes  used,  as  in  algebra,  to  mark  the  extent 
of  the  multiplication.  The  formula  of  nitric  acid  itself  admits  of 
simpler  expression : 

H,0,N^O,  =  H,N,0,  =  2HN0,. 
The  first  formula  reminds  us  that  the  nitric  acid,  of  which  we 
speak,  may,  hy  indirect  means,  be  made  to  yield  anhydrous  nitric 
a  id  and  water ;  from  the  second  we  easily  learn  the  proportions 
in  which  the  three  elements  are  united  by  weight;  but  the  third, 
HNO3,  expresses  these  same  proportions  with  precision,  and  is 
the  most  concise  of  the  three.  Now,  although  the  two  formulse 
HjNjOg  and  HNOj  express  precisely  the  same  compound  of  the 
same  three  elements  in  the  same  fixed  proporfions  hy  weight,  the 
combining  weight  of  nitric  acid  is  63  if  the  last  formula  he  cor- 
rect, and  126  if  the  first  represents  the  real  molecule  of  the  acid. 
In  the  gi-eat  majority  of  chemical  processes  in  which  nitric  acid  is 
inyolved,  that  proportional  weight  of  nitric  acid  is  necessary  which 
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is  implied  by  the  molecular  formula  H^NjO„ ;  but  there  arc  not  a 
few  cases  in  which  the  proportional  weight  represented  hy  the 
simpler  formula  HNOg  completely  accoraplishea  the  actual  reac- 
tion, and  is  capable  of  representation  in  the  algebraic  form. 

To  illustrate  the  first  class  of  cases  we  have  the  formula,  just 
given,  of  the  reaction  which  occurs  when  oxide  of  lead  is  dis- 
Bolved  in  nitric  acid ;  a  less  proportional  weight  of  nitric  acid 
than  H^N'jOj  or  2HN0j  will  not  answer  the  conditions  of  the  re- 
action. Let  us  draw  from  the  preceding  sections  some  further 
illustrations  of  this  class  of  nitrio-aeid  reactions.  When  copper 
(whose  symbol  is  Gu,  from  cuprum)  is  nsed  to  set  free  nitric 
oxide  from  nitric  acid  (see  Exp.  37),  the  reaction  is  symbolized 
as  follows : — 

3Cu  +  4H^N,0,  =  2N0  +  3CuN,0,  +  4H^0. 
Coppir.  Nitric  add.  Nitric  oxide.  Nitrate  of  copper.  Water. 
When  nitrate  of  lead  is  decomposed  by  heat  into  litharge,  hypo- 
nitric  acid,  and  oxygen,  the  following  equation  represents  the 
chemical  change; — 

PbK.O,     ==     PbO     +     2N0j     +     0. 
In  tbcso  two  reactions  the  nitrates  of  copper  and  lead  contain  two 
combining  weights  of  nitrogen  and  six  of  oxygen  for  each  one  of 
the  metal. 

To  illustr  t    tl  11         f      tn  d  t  w    h 

only  to  espl  f  Oj    h        t         f      m      t  tl         I 

with  which  wh  llypmtdAth        ttf 

lead  may  b    m  d   by  b  t      Ih       si  I      fid       d  mt 

acid,  water  b  1  td         th  tfpt         md 

sodium,  from    wh   hw  mUyjpd       t  d( 

Exp.  32),  mybfmil  al  hhtlntcal 

reaction.     Th  p     t         f      mm  t     p  t    h  t 

soda,  may  b  [  sel  twwj  Sm  h  t  pset 
these  substa  t    g    f       dtp  tass  d    m 

and  -water,  d  th  f  p  t  th  f  rmul  L.  0  H  0  wh  I 
other  chenu  tldthi        1      1      f-mlbyt  ndp 

sent  caustic  potash  by  the  bnefer  formula  KHO,  and  caustic  soda 
by  the  corresponding  symbol  NaHO.  In  these  formulas  K  stands 
for  Kalium,  the  Latm  name  of  potassium,  and  Na  for  Natrium, 
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Ihe  Latin  name  of  sodium.  If  we  adopt  for  the  moment  these 
shorter  formula,  which  of  course  express  precisely  the  same  pro- 
portional composition  by  weight  as  the  longer,  the  reaction  by 
which  nitrate  of  potassium,  or  socliiim,  may  be  prepared  will  he 
written  as  followa : — 

KHO       +         HNO,         =  KNO,  +        H,0 

Camtie  2>otas?t.        Nitric  acid.     Nitrate  of  potasdttm.  Water. 

NaHO       +         HNO,         =  NaNO,  +        H,0 

Oaustie  soda.        MCrie  acid.       Nitrate  of  sodium.  Water. 

From  this  nitrate  of  potassium,  or  sodium,  nitric  acid  is  prepjired 
(see  Bxp.  32)  by  treating  it  with, sulphuric  acid,  a  substance  wJiose 
composition  by  weight,  as  we  shall  hereafter  learn,  may  be  cor- 
rectly expressed  by  the  formula  H^SO,.  This  reaction  may  be 
thus  symbolized ; — 

KNO,  +  H,SO^  =  KHSO^  +  HNO^ 
Nitrate  ofpotas.  Sulph.  acid.  Acid  aulph.  ofpotas.  Nitrie  acid. 
By  substituting  Na  for  K  the  reaction  with  nitrate  of  sodium 
would  be  represented.  It  thus  appears  that  the  molecule  of  nitrie 
acid,  which  will  represent  in  the  simplest  way  its  reactions  with 
caustic  potash,  will  not  represent  at  all  its  reactions  with  oxide 
of  lead,  unless  two  molecules  are  assumed  to  enter  into  every  re- 
action with  this  latter  snbstance.  The  formula  H^lTjO,  is  the 
more  comprehensive,  because  nitrate  of  potassium  can  be  repre- 
sented by  the  formula  E^N^O,  as  accurately,  if  not  as  simply,  as 
by  the  formula  ENO,. 

It  is  noteworthy  that,  in  the  reactions  above  formulated,  one 
atom  or  combining  proportional  weight  of  potassium,  or  sodium, 
changes  place  with  one  atom  of  hydrogen,  while  one,  atom  of  lead 
or  copper  replaces  two  atoms  of  hydrogen.  These  different  capa- 
dtiea  of  the  other  elements  to  replace  hydrt^en  are  of  great  im- 
portance in  chemical  philosophy,  and  will  be  more  fully  treated  of 
hereafter. 

83.  Nitrogen  and  Hydrogen. — Ammonia- water,  such  as  we 
made  use  of  in  Exp.  33,  when  gently  heated,  evolves  a  very 
pungent,  colorless  gas,  wliich  now  claims  our  attentioa. 

This  gas  may  Kiadily  be  prepared  as  follows : — Fill  a  Baslt  of  250  to 
500  e.  c  capacity  about  half  full  of  the  sti'onjfest  ammonia- water  to  bo 
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had  at  the  dniggiat'e.  Close  the  flaak  hy  a  cork  provided  with  a 
fuiiiitl-tuhe  and  an  exit-tulje ;  caiTy  the  delivery-tube  to  the  bottom 
of  ii  tali  bottle,  having  a  capacity  of  at  least  a  litre  and  filled  with 
fragments   of    quick-lime.  ™     „. 

When  the  ammonia-n-ater  ^'^-  ^°- 

in  the  flask  is  gently  boiled, 
the  gas  which  passes  off 
will  be  deprived  of  mois- 
ture by  the  quick-lime  and 
will  issue  dry  from  the 
hottle ;  it  may  be  collected 
either  over  mercury,  or  by 
displacement,  as  sliown  in 
the  figure  (Fig^.  25).  The 
gaa  is  so  extremely  soluble 
in  water  that  it  cannot  be 
collected  over  the  ordinary 
water-pan ;  as  it  has  little  ^ 
more  than  half  the  density  ( 
of  atmospheric  air,  it 
be  readily  collected  by  displacement.  When  thus  collected,  the  gaa 
should  be  allowed  to  pass  into  the  very  loosely  corked  bottle,  until  a 
piece  of  turmeric  paper,  held  at  the  mouth,  is  immediately  turned 
brown;  the  delivery-tube  is  then  withdrawn,  and  the  mouth  of  the 
bottle  is  tightly  closed  with  a  caoutchouc  or  glass  stopper. 

The  gaa  thus  obtained  is  transparent  and  colorless,  possesses 
an  extraordinarily  pungent  odor  which  provokes  tears,  and  has  an 
acrid,  alkaline  taste.  It  will  be  found  to  be  uninflammable,  and 
is,  of  course,  irrespirable.  It  turns  rod  litmus  to  blue  most  ener- 
getically. Its  specific  gravity  as  deduced  from  actual  experiment 
is  8'62;  a  litre  of  the  gaa  weighs  0'7625  grra.  Ono  measure  of 
water  at  0°  dissolves  1049  measures  of  the  gaa. 

The  ready  solubility  of  ammonia  gas  may  be  exhibited  as  follows : 
—Fill  a  stout  glass  tube,  an  ignition-tube  for  example,  OTi;r  mercury 
with  the  gas ;  grasp  the  tube  by  the  top,  and,  holding  it  upright,  dip 
its  mouth  into  a  vessel  of  water.  The  water  will  rush  up  the  tube,  if 
the  gas  be  pure,  with  a  force  which  might  break  the  tube,  if  too  thin. 

84.  The  solution  of  ammonia  exposed  to  tho  air,  or  placed  in  a 
vacuum,  or  simply  boiled,  loses  all  its  gaa.  As  its  ready  solubi- 
lity in  water  suggests  (compare  §  68),  the  liquefaction  of  the  gas 
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b  not  only  possible  but  easy ;  the  gas  beeomes  a  colorless,  trona- 
parent,  mobile  liquid  at  0",  under  a  pressure  of  4^  atmospheres, 
or  at  — 40°  at  the  ordinary  pressure.  This  liquid  freezes  at 
obout  —80°.  An  excellent  freezer,  applicable  on  both  the  large 
and  small  scale,, is  now  constructed,  in  ■which  the  cold  is  produced 
by  the  rapid  evaporation  of  liquefied  ammonia-gas.  It  ia  the  low 
pressure  at  which  ammonia  becomes  a  hquid  which  renders  this 
machine  possible. 

85,  But  of  what  is  this  gas,  whose  properties  are  so  strikingly 
unlike  those  of  any  gas  previously  studied,  composed  "^  The 
question  may  be  ajiswerod  by  the  following  experiment : — 

With  the  exit-tube  of 
the  drying-bottle  of  an  ap- 
paratus fitted  for  the  gene- 
shown  in  the  figure  (F'g. 
26),  connect  a  tube  of  hard 
glass,  in  which  a  bulb  ba^ 
been  blown  (see  Appeiidix, 
54)-  Thrust  into  this  bulb 
apiece  of  the  metal  potas- 
sium ;  cause  ammonia  gas 
to  flow  through  the  bulb 
by  heating  the  contents  of 
the  flask,  and  then  wann. 
the  glass  bulb.  As  soon  as 
the  potassium  melts,  it  be- 
comes covered  with  a  browniah-green  film,  and  «  gas  begins  to  escape 
which  we  recognize  as  hydrogen  by  lighting  it  at  the  mouth  of  the 
tube.  The  burning  gag  is  certainly  not  ammonia,  for  ammonia  ia  not 
inflammable,  but,  as  the  odor  proves,  it  is  mixed  with  some  ammonia 
which  has  escaped  decomposition  by  the  potssaiura. 

To  separate  this  ammonia,  and  collect  the  pure  hydrogen,  fill  a  test- 
tube,  about  14  cm.  long,  three-quarters  full  of  mercury  ;  pour  water 
upon  the  mercury  till  the  tube  ia  full,  close  the  tube  with  the  thumb, 
and  invert  it  into  a  cup  of  mercury ;  with  the  outer  end  of  the  bulb- 
tube  (Fig.  20)  connect  a  suitable  delivery-tube  which  shall  dip  into  the 
cup  of  mercury  and  deliver  the  gas  into  the  teat-tube,  whose  upper 
quarter  ia  full  of  water.  The  gas  must  pass  through  this  woter,  which 
fifees  the  hydrogen  from  intermixed  ammonia. 
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It  is  absolutely  necessary  to  uae  mercurv  in  this  experiment,  because 
if  the  delivery- tube  were  allowed  to  dip  into  Wftter,  the  extreme  solu- 
bility of  ammonia  in  -wator  might  cause  the  water  to  sutk  bai^k  into 
the  bulb  containing  the  heated  metal,  whereupon  an  explosion  would 
ineyitftbly  ensue, 

86.  Having  thus  learned  that  p  t  m  w  11  set  free  hydrogen 
from  ammonia,  just  as  the  anal  u  m  t  1  odium  eliminates 
hydrogen  from  water,  we  shall  b  n  1  d  t  try  upon  ammonia 
the  same  powerful  agent  by  Til  h  we  1  ed  water  into  its 
elements — the  galTaaie  current 

A  glass  tube  (No.  1),  80  to  80  cm.  long,  open  at  one  end  and  closed 
at  the  other,  is  bent  into  the  form  of  a  V ;  the  closed  limb  is  provided 
■with  B  platinum-wire  fussd  int«  the  gloss,  through  which  the  wire 


I  the  bend  of  the  V,  i 


Fig.  27. 


a  slip  of  platinum  foil.  Fill  the  whole  of  the 
flosed  limb  and  nearlyhalf  of  the  open  limb  of  ' 
this  tube  with  ammonia- water,  to  which  has. 
been  addeda  teaspoonful  of  a  strong  solution 
of  sulphate  of  ammonium  in  order  to  increase 
its  conducting-power;  support  the  tube  as 
shown  in  the  figure  (Fig.  27),  and  connect  with 
the  platinum-wire  in  the  closed  limb  of  the 
tube  the  negative  or  zinc  pole  of  two  medium- 
sJKed  Bunsen  cells,  at  the  same  time  inserting 
a  platinum-wire  and  plate,  attached  to  the  po- 
sitive or  carbon  pole,  in  the  open  limb.  Gas 
quickly  collects  in  the  closed  limb.  Discon- 
nect the  battery-wires,  till  the  open  limb  with  water,  close  it  with  the 
thumb,  and  by  inclining  the  tube  transfer  the  gas  to  the  open  limb. 
On  applying  a  match  to  the  gas,  it  proves  to  be  inflammable,  and  we 
recognize  it  without  difficulty  as  hydrogen. 

The  experiment  is  now  repeated  with  the  electcodes  reversed ;  the 
positive  pole  is  connected  with  the  sealed,  and  the  negative  with  the 
open  limb.  The  hydrogen,  which  is  disengaged  at  the  negative  pole, 
now  escapes  through  the  open  end  of  the  tube  into  the  wr,  while  ft 
transpaient  and  colorless  gas,  previously  evolved  at  the  positive  pole 
in  the  open  limb  and  consequently  lost,  is  now  collected  in  the  sealed 
end  of  the  apparatus.  The  quantity  of  gas  evolved  at  the  positive  pole 
is  comparatively  small,  but  in  half  an  houi"  enough  for  examination 
wiU  probably  have  been  collected.   By  the  same  manipulation  as  before, 
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transfer  this  g-as  to  the  open  limb,  and  thruat  into  it  a  lighted  mfttcli. 
It  is  neitber  inflammable  nor  nill  it  ^upport  combuatJon,  and  has  in 
itself  neither  taste  nor  smell;  it  la  the  meit  mtiogcn. 

A  cheaper  and  perfectly  efTeetiye  torm  of  the  apparatus  used  in  this 
experiment  may  be  made  by  closing  one  end  of  a  common  U-tube  with 
a  good  caoutchouc  stopper,  through  ■which  the  conducting  wire  ia 
thmst. 

87-  These  experimetits  hare  conoluawely  proved  hydrogen  and 
nitrogen  to  be  constituents  of  ammonia;  and  it  now  becomes 
desirable  to  prove  synthetically  that  these  two  gases  are  the  only 
constituents  of  ammonia ;  which  would  be  done,  if  ammonia 
could  be  experimentally  produced  by  the  direct  union  of  the  two 
gases.  Unfortunately,  no  process  has  been  discovered  whereby 
ammonia  can  be  directly  reproduced  from  free  hydrogen  and 
free  nitrogen.  The  following  experiments,  however,  will  demon- 
strate that  ammonia  is  actually  produced  from  materials  which 
are  known  to  generate  a  mixture  of  hydrogen  and  nitrogen — or, 
more  strictly,  which  are  known  to  be  capable  of  generating  both 
hydrogen  and  nitrogen : — 

Exp.  45. — Place  in  an  ignition-tuhe  an  intimate  mixture  of  3 
grammes  of  fine  iron  filings  with  0'2  gramme  of  caustic  potash ;  adapt 
a  delivery-tube  (No.  7)  to  the  ignition-tube,  heat  the  contents  of  the 
tube  over  the  gas-lamp,  and  collect  the  gas  which  escapes  in  a  fest- 
tube  over  the  water-pan.  Examine  this  gas,  which  wiU  prore  to  be 
the  inflammable  h.Tdrogen,  Caustic  potash,  as  we  have  already 
learned  (p.  74),consi8tBof  potassium,  hydrogen,  and  oxygen;  atahigh 
temperature,  metallic  iron  is  able  to  seize  uponaportionof  the  oxygen 
in  this  compound,  setting  free  hjdrogen,  which  linda  no  place  in  the 
new  combinations. 

Exp.  4S. — Heat  in  a  second  ignition-tube,  similarly  disposed,  a 
mixture  of  3  grammes  of  fine  iron  himgs  and  0-3  gramme  of  nitrate 
of  potassium,  and  collect  the  gas  as  before,  over  water.  This  gaa  has 
neither  taste  nor  rmell,  and  when  tested  with  a  lighted  splinter  it  is 
found  to  be  uninflammable,  and  in  fact  to  extinguish  the  taper.  It  is 
mtrogen.  Nitrate  of  potassium  contains,  as  has  been  already  stated 
(p.  75),  potassium,  nitrogen,  and  oxygen ;  at  the  high  temperature 
employed  the  salt  is  partially  decomposed,  the  metallic  iron  combines 
with  the  oxygen  of  the  nitrous  vapors  formed,  and  their  nitrogen  is  set 

Ea^.  47. — In  a  third  ignition-tube,  heat  the  same  q^uantities  of  &e 
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earae  materials  whicli  have  been  used  in  the  kat  two  experiments,  nt 
once  and  together.  A  deliverj-tube  is  not  neceasaryin  this  ease ;  the 
tube  may  be  held  in  the  wooden  nippers  by  the  open  end.  Neither 
hydrogen  nor  nitrogen  will  be  evolved  as  before,  but  instead  of  them 
we  have  ammonia,  whose  presence  may  be  manifested  by  holding  a 
bit  of  reddened  litmus-paper  at  the  mouth  of  the  tube.  The  intMiaa 
alkaline  reaction  of  the  gas,  and  its  odor,  sufficiently  disticguish  it  from 
both  hydrogen  and  nitrogen. 

88.  It  is  to  be  observed  that  the  hydrogen  and  nitrogen,  which 
refuse  to  unite  when  once  aetnally  in  the  free  state,  will  form  a 
chemical  compound  as  in  the  last  experiment  it  the  precise  in- 
stant when  thev  issue  from  other  eimpouuds  of  n  hich  they  formed 
part.  This  fait  is  expre'cc  1  by  spying  that  these  two  gases  will 
enter  into  combination  when  m  the  nascent  state — that  is,  at  the 
moment  of  birth 

There  are  numerou'i  eases  m  which  bodies  which  do  not  unite 
nnder  ordinary  ecnditions  aie  capable  cf  chemical  eombination  at 
the  instant  when  they  are  disengaged  fiom  other  eompounds  ;  and 
tha  phrase  inihi.  nascftit  iitt,  is  one  of  &Dmo  eonvenience, 
though  it  mu  t  not  be  Buppo  ed  to  esplain  or  m  any  way  to 
account  for,  the  phenomena  with  reference  to  which  it  is  used. 

89.  The  e-^ict  quantitative  on  ill  SIS  i  ammonia  gas  will  afford 
proof  that  hydrogen  and  nitr  genare  thesjleconstituents 

of  this  gas,  andwillfurther  show  the  proportions  in  which  "' 
they  are  combined.  Ammonia  is  completely  deeom posed 
into  its  elements  by  heat — the  heat  of  a  furnace  or 
heat  produced  by  a  continuous  discharge  of  electric  sparks. 
When,  therefore,  50  e.  e.  of  the  gas  are  placed  in  a  eu 
ometer  (gas-measure)  (Fig.  28),  and  sparlis  arc  pas 
between  the  platmnra  pomfs  by  means  of  a  Euhmkorff  J 
apparatus,  the  gas  is  flnallj  resolved  into  its  elements ; 
its  voluino  incuases  until  it  reaches  100  c,  c.,  or  double  its  ori- 
g^al  bulk,  when  it  remains  constant.  We  know  that  a  part,  at 
least,  of  these  100  c  c  of  g^s  is  hydrogen,  and  that  this  hydro- 
gen can  be  eliminated  ftom  the  gascons  mixture  by  introdueing 
oxygen  in  sufticient  quantity  to  convert  the  hydrogen  into  wat«r, 
and  then  exploding  the  mixture.  Were  the  100  c.  c.  of  gas  all 
hydrogen,  50  c.  c.  of  oxygen  would  convert  it  into  water.  That 
we  may  be  sure  of  having  enough  oxygen,  let  ns  introduce  into 
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the  eudiometer  50  c.  c.  of  oxygen,  and  ihen  pass  a  spark  to  explode 
tlie  mixture. 

After  the  explosion,  only  37-5  c  c.  of  gaa  will  remain  ;  112-5 
c  c,  have  disappeared,  having  been  convert«d  into  water.  But 
of  ttese  lost  112'5  c.  c.  we  know  that  75  c.  c.  must  have  been 
hydrogen  and  37-5  c  c.  oxygen,  ia  accordance  with  the  known 
volumetric  composition  of  water;  consequently,  the  100  c.  c.  of 
gas,  into  which  the  original  50  c.  c.  of  ammonia  were  dilated, 
contained  75  e.  c  of  hydrogen.  After  the  explosion,  there  re- 
mained 37-5  c.  c.  of  gas,  and  since  we  used  only  37'5  c.  c.  of 
oxygen  out  of  50  c  c.  added,  we  may  infer  that  12-5  c.  e,  of 
oxygen  still  remain  in  the  rcsidno  from  the  explosion.  On  intro- 
ducing into  the  eudiometer  a  little  pyrogallic  acid  (an  ncid  used 
in  photography)  dissolved  in  water,  and  a  few  drops  of  a  solution 
of  caustic  potash,  these  12'5  c.  c.  of  oxygon  will  all  be  absorbed 
by  these  liquids,  and  there  will  remain  25  e.  o.  of  a  colorless  gas, 
which  may  readily  be  recognized  as  pure  nitrogen.  The  original 
50  0.  c.  of  ammonia  have  therefore  yielded  75  c.  c.  of  hydrogen 
and  25  c.  e.  of  nitrogen,  and  the  composition,  of  ammonia,  both 
by  weight  and  measure,  may  be  fully  expressed  by  the  diagram  j 


ml 


This  composition  of  the  gas  is  verified  by  its  specific  ^vity  as 

determined  by  expeiiment,  namely,  8'02. 

Three  volumes  of  II  weigh    .         ,         .         .     3 
One  volume  of  N  weighs  ...         14 

Two  volumes  of  KII,  should  weigh       .         .     17 
One  volume  of  KHj  should  weigh     .         .  8'5 

a  number  sufliciently  near  the  result  of  direct  experiment. 

90,  The  knowledge,  thus  acquired,  of  the  composition  of  Bm- 

monia  will  enable  us  to  recur  with  advantage  to  some  of  the  ex- 


.y  Google 


88  THE  GHOCP  AMMOMIUl!. 

perimcnts  performed  in  the  first  part  of  this  chapter.  Ammonia 
gas,  when  dissolved  ia  water  (as  in  the  Liquor  AmmoniEe),  miiathe 
considered  to  be  in  combination  with  one  molecule  of  water,  in 
the  form  of  the  compound  MH^.H^O  or  NHjO,  This  compound 
may  be  supposed  to  be  dissolved  in  the  water  present  in  excess  of 
what  is  necessary  to  form  the  compound.  When  this  water  of 
ammonia  combines  with  nitric  acid,  as  in  Exp.  33,  to  form  the 
compound  wo  have  called  nitrate  of  ammonimn,  a  reaction  occurs 
precisely  similar  to  that  which  takes  place  where  caustic  soda 
combines  with  nitric  acid  (p.  75)  ;  but  in  order  to  bring  out  the 
resemblance,  the  elements  of  the  compound  of  ammonia  and  VFater 
must  be  so  arranged  as  to  exhibit  its  analogy  with  caustic  soda, 
whose  formula  is  NaHO.  Eor  that  purpose  its  formula  must  be 
■written  {NHj)HO,  so  that  the  group-of  elements  Nil,  shall  stand 
in  the  formula  of  water  of  ammonia  where  the  element  sodium 
stands  in  the  formula  of  caustic  soda.  The  combmation  of  water 
of  ammonia  with  nitric  acid  may  then  be  repnscnfed  by  the 
equation 

(NHJHO       +       HNO,     =     (NHJNO,         +         H^O 
Amnwnia-waUr.      Nitric  add.  Nitrate  of  ammonium.       Water, 
just  like 

NaHO  +  HNO,  =  NaNO,  +  H.^0. 
The  student  may  write  both  of  these  reactions  in  the  typical 
manner ;  the  simple  type  water,  „  I  0,  is  the  only  one  needed  to 
represent  all  these  substances,  whether  before  or  after  the  reac- 
tions which  take  place  between  them. 

91.  Ammonia-water  combines  with  nearly  all  the  acids  with 
which  soda  is  capable  of  combining,  forming  a  series  of  compounds 
in  which  the  group  of  atoms  NH,  plays  the  same  part  which  the 
single  atom  Na  plays  in  the  corresponding  compounds  of  sodium. 
For  this  reason  it  has  been  found  convenient  to  give  to  this  group 
of  atoms  a  name  bearing  some  resemblance  to  the  names  of 
metals,  and  it  has  therefore  been  called  ammonium.  Ammonium 
is  tnown  only  in  .its  compounds;  many  attempts  have  boen  made 
to  obtain  it  in  a  free  state,  but  hitherto  in  vain ;  as  soon  w  the 
group  of  atoms  esoapes  from  combination,  it  ia  resolved  inf*>  »m- 
monia  and  hydrogen. 
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The  importnnl  compounds  into  which  ammonium  enters,  com- 
monly called  the  salu  of  ammoniiun,  will  be  studied  hereafter  in 
immediate  connexion  witt  the  analogous  salts  of  sodium  and 
potassium.  Already,  however,  it  will  he  possible  to  verify  the 
statement  of  §  66,  to  the  effect  that  nitrous  oxide  contains  "  all 
the  elements,  besides  those  of  water,  which  enter  into  th.e  compo- 
sition of  nitrate  of  ammonium,  and  therefore  of  its  constituents, 
nitric  acid  and  ammonia -water."  The  reaction  last  given  shows 
that  a  molecule  of  nitrate  of  ammonium  contains  all  the  elements 
of  a  molecule  of  nitric  acid  and  a  molecule  of  ammonia- water, 
less  one  molecule  of  water.  If  the  formulie  of  ammonia-gas  and 
nitratcof  ammonium  have  been  correctlydetermined,it\¥ill  be  easy 
to  exhibit  in  an  equation  the  actual  result  of  Exp,  34,  as  follows ; — 

(MHJNO,  =  N,0  +  2H^0. 
We  thus  link  together  several  distinct  experiments,  and  confirm 
the  determinations  previously  made  of  the  composition  of  nitric 
acid,  nitrous  oxide,  ammonia,  and  water,  by  showing  that  the 
representative  formula;  of  these  substances  exhibit  with  perfect 
precision  reactions  already  well  known  to  us,  but  other  than  those 
from  which  the  formulaa  in  question  were  originally  derived. 

92.  Ammonia  exists  in  very  minute  quantity  in  the  atmo- 
sphere, and  hence  in  rain-water,  fog,  and  dew.  The  proportion 
of  ammonia  in  rain-water  has  been  variously  given  by  ditfcrent 
observers,  from  3-49  parts  to  0-744  part  of  ammonia  in  1,000,000 
parts  of  water.  The  water  of  fog  and  dew  contains  a  larger 
proportional  quantity  of  ammonia  on  account  of  the  hiRh  so'u- 
bility  of  the  gas,  the  proportion  of  ammonia  in  niter  derived 
from  the  atmosphere  is  gre  iter  the  smaller  the  fiU  of  water. 
Ammonia  is  given  off  \y\  pufrehing  animal  and  vegetibk  sub- 
stances containing  nitrogen  and  almost  CTer\  prDcess  ot  slow 
oxidation  in  the  presenre  of  an  andmoistuie  is  attended  with  the 
formation  of  ammonia  or  ammonia  salts.  Moistened  iron- filings, 
if  exposed  to  the  air,  become  rusty;  and  this  rust  is  found  to 
contain  a  small  quantity  of  ammonia.  When  some  of  the  metals, 
by  preference  tin,  zinc,  or  iron,  are  dissolved  in  dilute  nitrio 
acid,  the  oxidation  of  the  metal  is  frequently  accompanied,  to  & 
greater  or  less  extent,  by  the  production  of  ammonia.  But  the 
chief  source  of  ammonia  and  ita  compounds  is  the  decomposition, 
g2 
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either  by  putrefaetion  or  destructive  distillation,  of  nitrogenous 
organic  matter.  The  di-stUIatioa  of  bones  and  animal  refuse,  for 
the  purpose  of  malting  bone-black,  yields  a  large  amount  of  am- 
moniaeai  liquor,  which  was  former])'  the  principal  source  of  the 
compounds  of  ammonia ;  the  horns  of  deer  used  to  be  thus  dis- 
tilled, whence  the  name  "  hartshorn."  At  present,  the  destruc- 
tive distillation  of  coal  in  gas-works  furnishes  the  great  bulk  of 
ammonia  compounds  used  in  the  arts.  The  ammoniacal  liquor 
of  the  gas-works  is  water  contaminated  with  tarry  matters,  and 
holding  in  solution  a  small  proportion  of  very  volatile  ammonium 
salts.  These  volatile  salts  are  distilled  off,  by  application  of  heat, 
into  dilute  sulphuric  or  muriatic  acid,  and  the  sulphate,  or  chlo- 
ride, of  ammonium  thus  formed  is  obtained  from  the  dilute  liquid 
by  evaporation  and  erystalhzation.  These  salts  will  he  studied  in 
detail  hereafter. 

93.  The  solution  of  ammonia-gas  in  water  is  a  reagent  con- 
tinually required,  as  a  test,  in  the  laboratory,  and  much  used  in 
the  arts.  The  solution  is  colorless,  intensely  alkaline,  has  a 
caustic  taste,  and,  when  concentrated,  bhsters  the  skin.  The  solu- 
tion is  lighter  than  water,  and  so  much  the  lighter  in  proportion 
to  the  amount  of  ammonia  it  contains ;  for  this  reason  its  strength 
may  be  accurately  determined  by  its  specific  gravity.  Tables  of 
the  relation  of  strength  to  specific  gravity  may  be  found  in  che- 
mical dictionaiios.  The  applications  of  ammonia-water  are  nu- 
merous and  various ;  it  is  an  ingredient  in  many  pharmaceutical 
preparations ;  applied  to  the  skin,  it  is  an  irritant,  and,  when 
very  strong,  even  a  caustic;  its  pungent  odor  is  reviving  and 
stimiilating ;  in  veterinary  practice  it  is  a  useful  medicament; 
on  account  of  its  alkalinity  it  is  used  in  removing  grease  from 
cloth,  and  in  restoring  colors  which  have  been  changed  by  acids. 
The  solution  is  ordinarily  prepared  from  a  mixture  of  chloride,  or 
sulphate  of  ammonium,  with  slaked  lime. 

Jjixp.  48. — Mhc  intimately  25  grms.  of  chloride  of  ammonium,  a  aub- 
■tance  generally  sold  mider  the  name  of  sal-amnioitiac,  with  about  the 
same  weight  of  cold  freshly  slaked  lime.  Introduce  the  mixture  into 
a  flask  of  600  c.  c.  capacity,  and  place  the  tiask  on  a  sand-bath  over 
the  gaa-larap.  If  a  smaller  flask  be  used,  the  quantities  of  the  mate- 
rials must,  of  comrse,  be  proportionally  diminished.     Close  the  mouth 
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of  the  flask  with  &  gpood  cork,  provided  with  a  delivery-tube  bo  bent  as 
to  connect  conveniently,  by  mftins  of  ft  caoutchouc  connector,  with  the 
first  of  the  series  of  small  three-necked  bottles  (WouKe'a  bottles)  re- 
presented in  Fig'.  29. 

Fig.  29. 


The  first  of  this  series  of  bottlea  is  smaller  than  the  rest,  and  ia  not 
filled  so  full  of  water  aa  the  others ;  it  should  he  kept  cool  by  immer- 
sion in  cold  wafer ;  the  delivery-tube  eoming  from  the  flask  into  this 
bottle  must  not  dip  into  the  water  at  all,  so  that  it  vtili  be  impossible 
for  any  water  to  suck  back  into  the  flask,  should  the  gas  suddenly 
cease  to  come  off  from  the  dry  mixture.  The  construction  of  the 
apparatus  is  easily  to  be  understood  from  the  figure ;  the  open  tube 
which  dips  beneath  the  water  in  each  bottle  is  a  safety-tube,  whicli,  by 
admitting  air  into  any  bottle  in  which  a  partial  vacuum  may  happen  to 
be  created  by  rapid  absorption,  prevents  the  contents  of  the  succeeding 
bottle  from  flowing  back  into  it.  In  order  to  show  the  action  of  the 
safety-tubes,  the  open  tube  in  the  first  bottle  may  be  closed  for  a 
moment  with  the  finger  and  the  buttle  shaken  very  gently.  Water 
will  immediately  be  forced  back  from  the  second  bottle  through  the 
connecting-tube  to  till  the  vacuum  caulcd  by  the  absorption  of  the 
ammoniacal  gas ;  but  the  moment  the  finger  is  removed  from  the  safety- 
lube  air  will  enter  through  the  latter  to  fill  the  vacuum,  and  the  water 
in  the  connecting-tube  will  fall  back  into  the  second  bottle. 

The  ammonia-gas  cannot  avoid  four  separate  contacts  with  water  as 
it  passes  through  the  apparatus,  so  that  all  the  gas  is  sure  to  be  ab- 
sorbed; the  contents  of  the  first  bottle  will  not  be  as  pure  aa  those  of 
the  succeeding.  This  apparatus,  or  modifications  of  it,  is  used  on  the 
targe  scale  as  well  as  the  small,  in  operatons  which  involve  the  absorp- 
tion of  a  gas  by  a  liquid  capable  of  dissolving  it.  When  a  large  quan- 
tity of  gas  is  continuously  delivered  fi'om  the  generating  vessel,  tho 
absorption  can  be  made  equally  continuous  by  successively  removing 
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the  bottle  nearest  tlie  flask  as  aoon  as  tte  liquid  in  it  is  siitnrated,  imd 
addini,'  a  freah  bottle  at  the  other  end  of  the  series.  Oa  heating  the 
flaslr,  the  amnionift-gaa  will  be  a9t  free  from  the  mixture,  and  in  this 
experiment  will  be  mostly  absorbed  in  the  first  and  secottd  "Woulfe- 
bottlea.  It  ia  evident  that  the  Woiilfe-bottles  in  this  experiment  might 
be  replaced  by  common  bottles  with  moutliB  wide  enough  to  admit 
corks  pierced  with  thii:e  holes. 

Tlie  reaction  between  the  chloride  of  ammonium  and  the 
slaked  lime  is  represented  by  the  following  equations  : — 

2NH,C1  +  CaH,0,  =  2NH,  +  CaCl,  +  2H^0 
Chloride  of  8laked  lime.  Ammonia.  Chloride  of  Water, 
ammoniuw.  caldum. 

Chloride  of  ammonium  is  a  compound  which  may  be  obtained  by 
bringing  together  di-v  ammonia,  NH^,  and  dry  muriatic  acid  gas 
HOI  (see  Exp.  6S).  " 

NH,  +  HCI  =  N"H,HC1  =  NH.Cl. 
It  may  obviously  be  regarded  aa  a  compound  of  the  group  called 
ammonium,  NH^,  with  the  element  chlorine ;  from  this  view  is 
derived  the  name  chloride  of  ammonium.  SlaJred  lime  is  pre- 
pared from  water  and  quicklime,  a  substance  which  is  chemically 
the  oxide  of  the  metal  calcium,  — 

CaO   +  H,0   =  CaO,H,0  =  CaH;,0^. 

94.  In  each  of  the  last  two  chemical  equations,  two  expressions 
are  given  for  a  single  substance ;  in  the  first  case,  chloride  of 
ammonium  is  formulated  in  two  different  ways,  and  ia  the  second, 
slaked  lime.  We  may  now  inquire  into  the  meaning  of  this 
diversity  of  expression  for  one  and  the  same  substance.  A  for- 
mula which  simply  represents  tlie  nnmbcr  of  atoms  of  each  ele- 
ment in  one  moleeule  of  any  substance,  as  determined  by  its 
analysis,  is  called  an  empirical  formula.  The  truth  of  such  a 
formula  depends  solely  upon  the  correct  performance  of  the  ana- 
lytical process,  and  upon  the  accuracy  with  which  the  atomic 
weights  have  been  determined.  Concerning  aach  formulse  then. 
is  little  room  for  difl^erence  of  opinion ;  they  express  all  that  we 
actually  hnow  of  the  elementary  composition  of  any  compound 
body.  But  chemists  have  endeavoured  to  contrive  formulse  which 
should  express  something  more  than  the  mere  elementary  corn- 
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We  shall  hereafter  meet  with  many  Bucb  reactions,  in  which  an 
atom  of  sodium  replaces  an  atom  of  hydrogen ;  the  formula 
TT  >  0  suggests  this  large  class  of  reactions  by  implying  that 
caustic  soda  is  itself  constituted  as  water  in  which  an  atom  of 
sodium  has  replaced  an  atom  of  hydiogei!.  Such  formulte  as 
H,0,N,0,,  Pb0,N,0,,  Na,0,Nj0,,  and  Na,0,H:,0,  are  called 
daalistie,  bpeau?ie  they  represent  these  bodies  as  of  a  dual  nature 
— as  being  made  up  of  two  oxides  which  were  distinct  before 
they  were  brought  together  to  form  the  compound,  and  will  be 
distinct  when  separately  extracted  from  it ;  in  a  dualistic  formula 
these  two  distinct  parts  are  conventionally  represented  as  having 
some  separate  existence  within  the  compound  itself.  The  sup- 
position ia  not  unnatural ;  thus,  for  example,  common  plaster  of 
Paris  is  a  substance  containing  the  metal  calcium  and  the  ele- 
ments sulphur  and  oxygen  in  the  proportions  by  weight  which 
are  correctly  expressed  by  the  formula  CaSOji ;  but  this  substance 
may  be  made  by  methods  which  suggest  another  formula.  If  we 
put  together  quicklime  CaO,  and  anhydrous  sulphuric  acid  SO,  in 
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due  proportions,  under  suitable  conditions,  plaster  of  Paris,  or,  aa 
its  chemical  name  is,  sulphate  of  calcium,  results — 

CaO  -f  SO,  =  CaO,S03; 
or  if  we  mix  slaked  lime  CaO.H^O  with  strong  aulphnrio  acid 
HjOjSO,,  in  proper  proportions,  at  a  suitable  temperature,  'we 
shall  again  obtain  sulphate  of  calcium,  and  water  will  be  oiimi- 

CaO,a,0  +  H,0,SO,  =  CaO,SO,  +  2H,0. 

Accordingly  wc  find  that  the  great  majority  of  chemists  have 
hitiierto  written  the  formulsB  of  sulphate  of  calcium,  hydratcd 
oxide  of  calcium,  and  hydratcd  sulphuric  acid,  in  conformity  with 
the  suggestion  of  these  reactions,  GaO,SOj,  CaO.IIjO,  and 
HjO.SOj  respectively.  Of  positive  knowledge  concerning  the 
actual  grouping  of  the  imaginary  atoms  which  are  supposed  to 
make  up  the  hypothetical  molecule  of  a  compound  body,  we  have 
absolutely  none,  and  it  must  never  he  forgotten  that  a  rational 
formula  is  merely  a  suggestion  of  some  of  the  chemickl  processes 
in  which  the  substance  formulated  is  eap<ible  of  taking  part.  In 
some  cases  the  rational  formula  may  poiat  to  the  majority  of  all 
known  transformations  of  the  suhslaDce ;  hut  genejally  it  suggesta 
only  a  few,  of  the  possible  changes.  Since  a  rational  formula 
never  represents  a  fact,  hut  only  an  hypothesis  or  opinion,  it  is  to 
be  expected  that  a  great  diversity  of  rational  forranhe  should  be 
in  use  among  chemists ;  and  this  is  really  the  case. 

The  dualistic  view,  above  illustrated,  has  long  been,  and  still 
is,  the  prevailing  view  of  the  proximate  composition  of  inorganic 
compounds ;  but  in  the  chemistry  of  the  very  numerous  com- 
pounds which  the  element  carbon  forms  with  oxygen,  hydrogen, 
and  nitrogen,  a  different  view,  called  the  doctrine  of  types,  widely 
obtains,  and  has  been  adopted  by  not  a  few  chemists  as  affording 
the  best  theoretical  representation  of  aU_  chemical  combinations, 
whether  in  the  inorganic  or  organic  kingdom.  According  to 
this  doctrine  every  possible  chemical  combination  may  be  ima- 
gined to  be  built  upon  the  plan,  or  framed  ujKm  the  type  or  model, 
of  some  one  of  the  four  substances,  chlorhydric  acid,  water,  am- 
monia, and  marsb-gas.  These  will  all  shortly  be  to  us  well-known 
substances ;  but  the  most  important  of  these  types  is  water,  n 
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body  with  whose  composition  we  are  already  familiar ;  we  are 
therefore  competent  to  write  upon  tho  tjpe  of  water  the  formnlse 
of  several  siibstanees  with  which  we  have  already  dealt,  and  whieh 
are  classified  under  this  type: — 
Water='S:  I  0=one  molecule;    u"  \  Oj=two  molecules. 


HJ 


_Na 


Caustic  Soda— IT    [■  0=one  molecule. 

Hydrated  Osido  of  Calcium,  slaked  lime,=^*  I  0,=1  molecule. 

Monohydrated  Nitric  acid=  -□■ »  i  O=one  molecule. 

Nitrate  of  Potassium    ,, "  [■  0=one  molecule. 

Nitrate  of  Le3d=^  "^p^'^  i  Oj=one  molecule. 

Sulphuric  acid=  „»  I  Oj,=one  molecule. 

Sulphate  of  Calcium  ^  '  i  Oj=one  molecule. 

In  these  formula;  it  is  to  be  observed  that  E,  Na,  and  NO^  re- 
place one  atom  of  hydrogen  in  one  molecule  of  water,  while  Ca, 
Pb,  and  SO^  replace  two  atoms  of  hydrogen  in  two  molecules  of 
water.  Facts  of  this  class  will  accumulate  as  we  advanoe,  and 
will  be  the  subject  of  fnture  discussion.  The  typical  notation  ia 
doubtless  capable  of  expressing,  in  a  logical  and  consistent  system, 
the  greater  part  of  the  reactions  of  inoi^anic  as  well  as  of  organic 
chemistry ;  but  at  present  it  finds  its  best  application  in  the  che- 
mistry of  the  compounds  of  carbon,  and  has  gained  but  little  foot- 
hold in  the  great  departments  of  mineral  and  industrial  chemistry. 

The  need  of  rational  formuliE  is  much  more  urgently  felt  in 
that  department  of  chemistry,  called  organic,  which  treats  of  the 
chemistry  of  carbon,  than  in  tho  wider  field  of  mineral  and  inor- 
ganic chemistry.  Among  the  very  numerous  compounds  of  car- 
bon there  are  many  cases  in  which  one  empirical  formula  repre- 
sents not  one  compound,  but  several ;  hence  it  becomes  of  con- 
sequence to  determine,  or  to  guess,  how  the  atoms  of  a  compound 
are  arranged,  as  well  as  to  know  what  and  how  many  the  atoms 
are.      flie  diversity  of  opinion  concerning  this  anangement  of 
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atoms  is  so  great,  and  the  possible  modes  of  grouping  the  nume- 
rous atoms  which  often  enter  into  organic  compounds  are  so  many, 
that  the  number  of  rational  formulEe  proposed  for  any  organic 
subfltanee  ia  commonly  large  in  proportion  to  the  thoroughnesa 
with  which  the  substance  has  been  studied.  For  acetic  acid,  for 
example,  one  of  the  best-known  of  the  compounds  of  carbon  with 
oxygen  acd  hydrogen,  no  less  than  nineteen  different  rational 
fominlte  have  been  proposed. 

Eemembering  that  a  rational  formula  is  neyer  to  be  regai'ded 
as  the  expression  of  an  absolute  truth,  but  only  as  a  guide  in 
classification,  an  aid  to  the  memory,  aad  a  help  ia  instruction, 
and  holding  fast  to  the  empirical  formula  as  containing  all  the 
results  of  actual  observation  and  esperiment,  we  shall  endeavor 
to  familiarize  the  student  with  both  the  dualistic  and  typical 
guesses  at  the  hidden  mysteries  of  chemical  processes  and  the 
unknowable  structure  of  chemical  compounds,  giviug  the  prefe- 
rence rather  to  the  dualistic  view,  as  being  that  which  at  the 
present  moment  prevails  in  the  great  bulk  of  chemical  literature, 
and  has  become  incorporated  into  the  language  of  the  chemical 
arts. 

Lest  any  doubt  should  suggest  itself  to  tie  student's  mind  as 
to  the  value  of  symbolic  formulas,  let  it  bo  observed  that  they 
express  the  elementary  composition  of  a  compound  much  more 
tersely  than  words  can,  that  they  are  written  and  read  more 
rapidly  than  the  sentences  of  the  same  signifieatioa  would  be, 
and  that  by  their  brevity,  clearness,  and  precision  they  greatly 
facilitate  the  comparative  study  and  comprehensive  classification 
of  chemical  comjKiunds,  Again,  the  chemical  equations,  of  whose 
construction  we  have  already  had  several  examples,  enable  ns  to 
Bet  forth  with  precision  the  changes  which  accompany  complicated, 
as  well  as  simple,  reactions.  Thus  the  somewhat  complex  de- 
composition of  nitric  acid  by  copper  takes  definite  form  in  the 
appropriate  equation  which  has  been  given  above  (p.  74),  and  the 
very  simple  reaction  by  which  nitric  oxide  yields  red  fumes  of 
hyponitric  acid  in  contact  with  air  or  oxygen  is  concisely  stated 
by  the  simple  equation  NO  +  0— NO^. 

The  chemistry  of  the  analysis  of  nitric  oxide  by  potassium 
(■§  70)  is  all  condensed  into  the  equation  ]SO+K,=K,0-t-N. 
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When  a  little  ice-cold  water  is  added  to  liquid  hyponitric  acid 
(Exp.  43),  the  reaction  which  occurs  is  very  eondaely  set  forth 
in  the  equation. ; — 
Empirical:        2N0^     +     H,0      =      HNO,     +     HNO, 

Syponitric        ^^^^^_       J^tTcfd.       -^''"<"«'<^- 
Dualistic:  4K0,     +   2H,0    =    H,0,KjO,  +    E,0,N,0.. 

But  besides  having  all  the  advantages  of  a  sliort  hand,  chemical 
symbols  are  susceptible  of  another  application  of  hardly  less  im- 
poi-tance;  they  often  direct  the  chemist  beforehand  to  the  most 
perfect  experiment  among  many  similar,  or  point  out  in  anticipa- 
tion the  poasibility  of  certain,  methods  of  researeh,  and  tlie  in- 
evitable ffuitlessness  of  others.     Thus  the  equation 

N^O,  +  5Cu  =  N,  -i-  5CuO 
actually  directs  the  chemist  to  the  due  proportion  of  copper  for 
the  exact  decomposition  of  anhydrous  nitric  acid  (§  73) ;  neither 
four,  nor  six,  nor  any  other  number  than  five,  parts  of  copper, 
would  give  a  perfect  reaction  without  excess  of  cither  ingredient. 
Practically,  an  excess  of  copper  does  no  harm,  and  is  always 
used  to  make  sure  of  the  decomposition. 

The  student  should  endeavor,  from  the  beginning,  to  familiarize 
himself  with  the  use  of  chemical  symbols  and  equations,  and  to 
this  end  he  should  invariably  write  the  formula  of  evei-j- reaction 
described  or  actually  witnessed  in  the  execution  of  an  experiment. 


CHAPTER   Til. 


96.  SEuriatio  (sea-salt)  acid,  called  in  modern  nomenclature 
chlorhydric  acid,  is  a  liquid  which  has  been  known  for  centuries, 
and  is  to-day  an  article  of  commerce,  largely  employed  in  the 
useful  arts.  The  pure  acid  is  a  gas,  as  ammonia  is ;  the  liquid 
murialjc  acid  of  commerce  is  only  an  aqueous  solution  of  thia 
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the  apparatus 


gas,  and  gives  it  up  whea  keatcd,  precisely  o 
yields  ammonia-gas. 

This  operation  may  be  conveniently  j; 
shown  in  ¥ig.  30,  About 
250  c.  c.  of  the  commercial 
acid  is  poured  into  tlie  flask, 
which,  ia  then  moderately 
heated ;  the  gaa  disengaged 
is  charged  with  aqueous  va- 
por, which  needs  to  he  re- 
moved before  the  gas  ia  col- 
lected. For  this  purpose 
the  delivery-tube  ia  carried 
to  the  bottom  of  a  bottle 
filled  with  pieces  of  pumice- 
stone  saturated  with  atrong 
aulphuric  acid ;  the  moisture 
of  the  gas  is  greedily  ab- 
sorbed by  the  large  surface 
of  acid  with  which  the  gas 
comes  in  contact,  as  it  ia  forced  upward  through  the  acid-soahed  stone. 
The  dry,  colorless,  transparent  gas  must  be  collected  over  mercury,  for 
it  is  extremely  soluble  in  water. 

96.  The  gas  is  strongly  acid  in  taste  and  reaction  on  vegetable 
colors,  provokes  violent  coughing,  and  is  wholly  irrospirable.  It 
is  neither  combustible  nor  will  it  support  combustion.  The  gas 
ia  somewhat  heavier  than  air ;  its  specific  gravity  referred  to 
hydrogen,  as  determined  by  experiment,  i?  18  12,  its  theoretical 
density  being  18'26j  it  is  possible  though  not  convenient,  to 
collect  it  by  downward  displacement  It  forms  opaque,  white 
fumes  in  the  air,  owing  to  its  union  with  aid  condensation  of, 
atmospheric  moisture.  Under  i  pressure  of  40  atmospheres,  at  b 
temperature  of  IC,  chlorhydnc  acid  gas  is  condensed  into  a  color- 
less liquid  Its  great  solnhibty  m  water  would  lead  us  to  expect 
th  t  t  Id  b  d  ly  d  d  t  th  liquid  state  ;  but,  on  the 
traytaub  d        dl    with  difficulty.      At  0°,  one 

Im       fwt      d      1  It   500  volumes    of  ohlorhydric 

d  g  t      m  t  mp      t  omething  more  than  400. 

Th      p      fi    gi      ty    f  th        1  ti  ftreater  than  that  of  water, 

and  th     m  re      n      tr  t  d  th       1  t  on  the  higher  the  speciflo 


sd  by  Google 


PE0PBRT1B3  OF  CHMIEHTDRIC  ACID.  93 

gravily ;  so  that  tie  strength  of  any  sample  of  the  commereial  acid 
may  be  astertained  by  taking  its  specific  gravity.  Tables  for  this 
use  will  be  found  in  chemical  dictionaries. 

The  avidity  of  water  for  chlorhydric  acid  gas  may  be  neatly 
flhown  by  thmating  a  bit  of  ice  into  a  small  cylinder  of  the  dry 
gas  standing  over  mercury ;  the  ice  instantly  melts,  and  the  gaa 
as  quickly  disappears.  A  solution  of  the  acid  containing  20'2 
per  cent,  of  the  gas,  and  having  a  spe  ti  g  ty  f  1  104  di  t  h 
unchanged  at  a  temperature  of  about  111        t    n  1  t    na 

than  this,  on  being  heated  under  the      d       j    tm    pt  p    s- 

sur  1  g  unt  1  reduced  to  this  st  th  w  k  Inti  ns 
lo      w  t      until    aised  to  this  degr        f  tin      This 

stabl  1  t  n  which  distils  unchang  dis  pp  dtbadh- 
njte  comp  u  d    f  tbe  dry  gas  and  wat      wh  mj      t       the 

formula  HC1+   H  0  would  correctly  i  p         t 

97    W    1     p       to  answer  the  qu    t   n—  f  wh  t 
hydric  acid  composed — by  a  partial  an  Ij 

One  of  the  elements  of  this  gas  can  be      1  ted  b  h  d  wli    h 

we  have  already  applied  to  the  analysis  of  an  m  I  ]j 

sary  to  remove  the  delivery-tube  from  th      pp      t        Ir    d  d  to 

generate  the  dry  gas  (Fig.  30),  and  to  fl  ta  [1  b  lb-    b    of 

containing   a 


hi    - 
mpl  te 


piece  of  potas 
soon  sa  the  acid  gaa  reaches 
the  potassium,  the  metal 
becomes  covered  with  a 
white  incrustation ;  and  if 
the  bulb  be  now  very  gently 
healed  (Fig.  31),  the  potas- 
sium fuses,  and  taking  iire, 
burns  with  a  violet  light. 
During  the  reaction  the 
chlorhydric  acid  is  decom- 
posed, an  infiammable  gas, 
easily  recognized  as  hydro- 
gen, is  evolved,  and  may 
be  lighted  at  the  end  of 
^te  tube. 
The  metal  sodium  pcodui 


Fig.  3L 


a  similar  results,  but  at  a  mucli  higher 
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temperature.  A  solution  of  Bodium  in  mercury,  known  amongst  che- 
mista  as  sodium-amalgam,  will  however  bring  about  the  decompoaition 
of  the  acid  at  the  ordinary  temperature.  This  solution  is  best  pre- 
pared by  very  gently  heating  some  mercury  in  a  glass  flask,  and  gra- 
dually adding  the  sodium,  cut  into  fragments  not  bi^er  than  a  grain 
of  wheat;  the  fragments  dissolve  with  evolution  of  light  and  heat 
Why  the  sodium-amalgam  should  act  at  a  lower  temperatiiie  than  the 
sodium  itself,  ia  not  clear,  unless  it  be  that  the  minute  subdivision  of 
the  sodium  in  the  mercury  gives  the  ga5  a  freer  contact  with  the  metal. 

Instead  of  potassium  or  sodium,  as  ahove  described,  metallic  iron 
could  be  employed  for  analyzing  chlorhydric  acid.  To  this  end  iron 
turnings  should  be  heated  to  rednaas  in  a  glass  tube  such  as  is  shown 
in  Fig.  8 ;  a  wide  delivery-tube  should  be  used. 

Hydrogen  ia,  thea,  one  ingredient  of  chlorhydric  acid;  the  other,  or 
others,  have  combined  with  the  potassium  or  aodium-amalgam.  The 
isolation  of  these  unknown  ingredients  may  be  pjn.  g3_ 

accomplished  by  means  of  the  V-tube  already 
used  for  the  analysis  of  ammonia.  Into  this 
tube  liquid  chlorhydric  acid  of  specific  gravity 
I'l,  colored  with  indigo  solution,  is  introduced, 
BO  as  to  fill  the  whole  length  of  the  sealed,  and 
about  half  the  length  of  the  open,  limb ;  the 
negative  pole  of  the  battery  is  connected  with 
the  wire  of  the  sealed  limb,  while  the  poMtive 
pole  is  inserted  into  the  open  limb.  Gas  ra- 
pidly collects  at  the  negative  pole  in  the  dosed 
limb,  hut  at  the  positive  pole  the  disengage- 
ment of  gas  is  BO  slight  that  it  would  hardly 
attract  attention  but  for  its  intensely  disagree- 
able odor  and  powerful  bleaching  action  upon  the  blue  liquid.  The 
gflfl  in  the  sealed  limb  has  no  such  bleaching  power.  When  enough 
gus  for  esamination  has  collected  in  the  sealed  limb,  it  is  trinsferred 
to  the  open  limb  by  the  manipulation  previously  described  ($  86) ;  the 
gas  is  inflammable,  and  is,  in  short,  hydrogen. 

The  poles  are  now  reversed,  and  immediately  hydrogen  escapes  in 
abundance  from  the  open  mouth  of  the  tube,  while  the  liquid  in  the 
closed  limb  becomes  decolorized.  In  the  course  of  fifteen  minutes  the 
bleached  liquid  in  the  sealed  limb  begins  to  assume  a  yellowish-green 
color,  and  the  evolution  of  gas  becomes  gradually  more  and  more 
copious,  so  that  in  three-quarters  of  an  tour  the  greater  portion  of  the 
tube  is  filled  with  a  transparent,  yellowish-green  gas.  Aa  the  gas  is 
transferred  to  the  open  limb  of  the  tube  for  examination,  it  manifests 
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ite  po-werful  bleaching  property  by  decolorizing,  aa  it  passes,  the  por- 
tion of  the  acid  which  had  retained  the  blue  color  of  the  indigo.  The 
tube  is  no  sooner  opened  to  admit  a  burning  taper  than  the  suffocating 
odor  of  the  gas  becomes  offensively  perceptible;  the  gas  proves  to  be 
uninflammable,  and  it  supports  combustion  but  imperfectly,  as  is  evi- 
denced by  the  sooty  cloud  which  is  produced. 

This  peculiar  gas,  so  diflbrent  in  properties  from  any  gas  heretofore 
studied,  is  an  element;  it  has  been  named,  on  account  of  its  color, 
Chlwine,  from  the  Greek  word  for  yellowish-green.  This  element  is 
the  subject  of  the  next  chapter,  where  it  will  be  fully  studied.  As  will 
there  be  seen  (Exp,  51),  chlorhydric  acid,  when  heated  with  a  sub- 
stance called  black  oiLide  of  maugane^,  yields  chlorine  in  abundance, 
■with  great  fecihtv ,  m  &ct,  this  acid  is  the  source  of  chlorine  when- 
ever large  quantities  of  this  gas  are  required.  Chlorine  is  soluble  in 
about  one  third  of  ib\  volume  of  cold  watflr, — a  property  which  ex- 
plains its  apparently  slow  evolution  at  the  outset  of  the  foregoing 
expeiiment,  and  the  more  rapid  disengagement  of  the  gas  when  the 
hquid  hai  become  saturated  therewith.  Chlorine  is  heavier  than  dr, 
and  conspquentlj  lerv  much  heavier  than  hydrogen;  the  best  experi- 
mental dLtLimination  of  its  specific  gravity  has  ^ven  the  number  35*6t) ; 
but  there  can  be  no  doubt  that  the  true  specific  gravity  of  the  gas  is 
35-5,  or  in  other  words  that  it  is  35^  times  as  heavy  as  hydrogen. 

98.  We  have  thus  learned  that  the  electric  current  sets  free 
from  chlorhydric  acid  two  essentially  different  gases — hydrogen 
and  chlorine, — and  that  each  of  these  gases  may  be  separately 
evolved  from  muriatic  acid — the  hydrogen  by  potassium,  and  tho 
uhlorine  by  oxide  of  manganese.  It  remains  to  prove  that  chlor- 
hydric  acid  coatains  no  other  than  these  two  con-  ^.  ^^ 
Btituents,  and  to  demonstrate  the  proportions  in 
■which  they  are  united.  To  this  end  the  first  st^p 
shall  be  to  make  a  partial  quantitative  analysis 
of  chlorhydrie  acid  gas. 

The  instrument  employed  is  a  glass  U-tube,  about 
50  cm,  long  by  I'o  in  diameter,  having  one  sealed 
and  one  open  limb;  communicating  with  the  latter  is 
a  small  outlet-tube  which  may  be  closed  by  a  spring- 
clip  on  a  piece  of  caoutchouc  tubing.  The  apparatus, 
mounted  on  a  convenient  stand,  is  repi'esented  in 
Fig.  33,  The  U-tube  is  first  filled  with  mercury,  and  , 
then,  the  spring-clip  being  open,  the  delivery-tube  of 

the  apparatus  used  to  generate  dry  chlorhydrie  acid  gas  is  passed 
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down  the  open  limb  to  the  bend  of  the  tube  in  such  a  manner  th.it  the 
gas  buhblua  up  througb  the  mercury  into  the  sealed  limb,  from,  which 
the  mercurv  escapes  as  the  gEis  enters.  When  the  closed  limb  is  two- 
thirds  full,  the  outlet-tube  is  closed,  the  gas  delivery-tube  withdrawn, 
and  mercury  ia  poured  into  the  apparatus  until  it  stands  at  the 
same  level  in  both  IJmba.  The  space  occupied  by  gas  in  the  tube  is 
then  marked  by  a  caoutchouc  rin^  slipped  over  the  tube.  ITiat  por- 
tion of  the  open  limb  which  is  not  occupied  by  mercury  is  then  filled 
with  sod  um-amalgani.  By  closing  the  orifice  of  the  tube  with  the 
thun  b  and  inclining  the  tube,  the  gas  may  be  transferred  fi'om  the 
sealed  limb  to  the  other,  there  shaken  up  with  the  amalgam,  and  re- 
tran'ferred  to  the  sealed  limb.  This  thorough  contact  with  the  sodium 
decompose?  the  gas.  On  removing  the  thumb  Irom  the  mouth  of  the 
open  lin  b  the  mercury  therein  falls  a  little,  and  must  he  further 
lowered  by  opening  the  spring-clip  until  the  mercurv  stands  at  one 
level  in  tiie  two  limbs.  When  this  ia  the  case,  it  will  be  observed 
that  the  gas  is  reduced  to  half  its  original  volume.  The  gas  which 
remains,  is,  of  coursp,  hydrogen.  The  experiment  proves  that  any 
given  bulk  of  chlorhydric  acid  contains  half  that  bulk  of  hydrogen. 

By  availing  ourselves  of  the  known  specific  gravities,  or  like- 
volume  weights,  of  chlorhydric  acid  and  chlorine,  referred  to 
hydrogen,  we  may  establish  a  strong  presumption  in  favor  of 
the  supposition,  that  that  half  of  any  bulk  of  chlorhydric  aoid 
■which  is  not  hydrogen  is  chlorine  without  admixture  of  any 
other  substance. 

From  the  relative  weight  of  any  volume  of  chlorhydric  acid  gas  18-13 
Subtract  the  relative  weight  of  half  that  volume  of  hydrogen . .       -50 


And  the  remainder  . 


is  very  nearly  equal  to  17-83,  the  relative  weight  of  half  tbe 
same  volume  of  chlorine,  according  to  the  best  experimental  de- 
terminations. If  we  assume,  for  the  moment,  that  any  volume  of 
chlorhydric  gaa  is  really  composed  of  half  that  volume  of  hydro- 
gen and  half  of  chlorine,  and  if  wc  use  the  theoretical  specific 
gravities,  which  are  doubtless  the  true  ones,  instead  of  the  above 
approximate  deterrainationa,  which  are  the  best  which  experi- 
ment has  hitherto  famished,  the  numerical  statement  will  bo  as 
follows : — 
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From  the  relative  weight  of  (my  volume  of  chlorL  jdric  arad  gaa  18-25 
Subtract  the  relaiJTe  weight  of  half  that  volume  of  hydrogen. .        'fiO 

And  the  remainder 17-75 

is  the  relative  weight  of  half  the  same  volume  of  chlorine 
17-75=-2-.  The  verj'  close  coincidence  between  the  first  nnme- 
ricp'  statement  which  is  bailed  wholly  upon  experiment  with  the 
second  which  is  bised  on  the  theorj  that  ohlrrhjdnc  atid  i3  hy 
volume  half  hyirogen  half  chlonne  is  evidence  enough  when 
taken  in  connexion  with  the  preceding  expenmental  I'^ohtun  of 
chlonne  from  chlorhydnc  aeid  to  conv  nee  us  thit  in  any  two 
volumes  of  chlorhy  Iric  acid  gas  one  ^  olume  of  hydrogen  and  one 
volume  of  chlorine  ire  united  with  ut  condtniation 

The  lormula  of  the  molecule  of  the  J.ud  will  therefore  he  HCl 
in  which  LI  la  the  symbol  of  chlonne  The  following  diagrim 
represents  the  con  position  of  this  importdnt  eomjoiinl,  both  hy 
volume  and  w  ight  — 


II 


=     HCl  36-6 


99.  The  atomic  weight  of  the  new  element,  chlorine,  is  hereby 
determined.  Hydrogen  and  chlorine  unite  hy  equal  volumes  to 
fonn  this  single  stable  compound,  chlorhydric  acid  ;  and  the  pro- 
portions in  which  the  two  elements  unite  by  weight  are  directly 
deducible  from  the  proportions  in  which  they  unite  by  volume 
and  the  known  specific  gravities  of  the  two  gases.  Indeed  it  also 
admits  of  direct  proof,  by  appropriate  experiment,  that  36--5 
parts  by  weight  of  chlorhydric  acid  gas  invatiably  yield  35-5  parts 
by  weight  of  chlorine  and  1  part  by  weight  of  hydrogen ;  and, 
since  it  matters  not  what  the  absolute  weight  of  these  parte  may 
be,  millionths  or  millions  of  grammes,  the  mo'eciile  of  chlorhydric 
acid,  the  least  propoi-tional  weight  in  which  it  is  conceived  to 
exist  uncombined,  must  be  composed,  like  any  other  quantity  of 
the  acid,  of  35'5  parts  by  weight  of  chlorine  to  1  of  hydrogen. 
But  we  conceive  of  this  molecule  as  consisting  of  one  atom  of 
chlorine  and  one  atom  of  hydrogen ;  the  chlorine  atom,  therefore, 
weighs  3fl-5  times  as  much  as  the  hydrogen  atom. 

100.  If  it  were  entirely  inconceivable  thftt  another  subatancei 
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not  identical  with  chlorine,  should  have  precisely  the  Bame  specific 
gravitj-  as  chlorine,  the  reasoning  hj  which  we  have  just  arrived 
at  the  composition  of  chlorhydric  acid  would  he  not  only  con- 
vincing:, it  would  he  entirely  conclusive ;  it  would  do  more  than 
estahlish  a  very  strong  presumption,  it  would  furnish  a  complete 
demonstration.  But  it  is  not  inconceivahle,  though  in  the  highest 
degree  improhable,  that  there  should  exist  a  hody,  different  from 
chlorine,  yet  possessing  the  same  spei^ific  gravity,  and  not  to  he 
detected  by  the  qualitative  tests  to  which  we  subjected  the  acid ; 
and  we  therefore  welcome  the  perfect  demonstration  with  which 
the  synthesis  of  chlorhydric  aoid  supplies  us. 

This  sjnthesia  is  readily  effected  ;  but  as  the  eipeiiraent  involves  the 
preparation  of  chlorine,  the  aetual  perfonnftiice  of  the  experiment  will 
be  best  postponed  until  chlorine  has  been  prepared  and  studied  in  the 
next  chapter.  The  method  is  as  follows:— Into  one  of  two  glass 
cyhnders,  standing  full  of  mercury  upon  the  mercury  trough,  introduce 
a  certain  rolume  of  dry  hydrogen,  not  so  large  as  to  till  more  than 
half  the  cylinder,  and  into  the  other  cylinder  bring  precisely  the  same 
volume  of  dry  chlorine.  Cover  one  of  the  cylinders  from  the  light 
with  a  towel,  and  deliver  the  contents  of  the  other  cylinder  into  the 
protected  one.  The  mixture  of  equal  volumes  of  the  two  gases  having 
been  thus  effected,  withdraw  the  towel,  and  leave  the  cylinder  for 
several  hours  in  diffused  and  not  too  bright  daj'light,  hut  sheltered 
from  the  direct  rajs  of  the  sun,  which  would  cause  an  explorive  union 
of  the  two  elements.  Under  the  influence  of  the  light  the  two  gases 
gradually  comhine ;  when  the  yellowish  tint  of  the  mixture  has  nearly 
disappeared,  the  cylinder  may  be  exposed  to  the  direct  influence  of 
the  solar  rays,  in  order  te  complete  the  reaction.  Throughout  the  ex- 
periment there  is  no  change  in  the  volume  of  the  enclosed  gas ;  if  the 
temperatm-e  were  constant  the  mercury  would  neither  rise  nor  fill!  in 
the  cylinder.  The  chemical  union  of  one  volume  of  hydrogen  with 
one  volume  of  chlorine  is  attended  neither  by  condensation  nor  ex- 
pansion. 

That  there  hasbeen  chemical  action,  resulting  in  the  disappearani'e 
of  the  properties  of  the  original  materials,  is  evident  from  the  fact  that 
the  contents  of  thCiCylinder  will  no  longer  take  Are,  or  bleach  vege- 
table colors.  In  contact  with  air  the  new  gas  forms  white  clouds; 
blue  Utmus  paper  it  turns  red  ;  and  if  a  little  water  be  passed  up  inio 
the  cylinder,  the  gas  is  rapidly  absorbed  ;  the  taste  and  smell  al»o, 
and,  in  shoi-t,  all  lie  ,projerties  of  this  gas  are  those  of  chlorhy- 
dric acid. 
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By  the  S3™ttetical  method  we  therefore  prove  that  chlorine 
and  hydrogen  are  the  only  constituents  of  ehlorhydrio  acid.  On 
this  fact  is  based  the  chemical  name  of  this  compound.  Summing 
up  our  provions  and  present  results,  we  now  possess  a  complete 
demonstration  ttatchlorhydrie  acid  is  composedsolely  of  hydrogen 
and  chlorine,  united  in  equal  vohimes  without  condensotion. 

101.  The  muriatic  acid  of  commerce  ia  made  from  the 
Bhundant  and  cheapest  of  all  the  natural  compounds  of  ohh 
common  salt,  whose  chemical  name  is  chloride  of  sodium,  and 
formula  IfaCl.  This  euhstance  supphcs  the  chlorine ;  the  neces- 
sary hydrogen  is  obtained  from  common  sulphuric  acid  (oil  ol 
vitriol),  whoso  composition,  as  expressed  in  its  formula  H. '  ' 
we  have  already  become  familiar  with. 

The  commercial  acid  is  obtained  by  heating  common  salt  with 
sulphuric  acid  in  iron  pans  or  cylinders,  and  absorbing  the  evolTed 
gas  in  water  contained  in  a  scries  of  stone-ware  Woulfe- bottles, 
or  some  similar  apparatus.  The  reaction  is  somewhat  various, 
according  to  the  proportion  of  sulphuric  acid  employed;  it  may 
1  the  following  equations, 

-I-         IfaHSO. 

\e         Add  sulphate 

-¥       Na,SO, 
Sulphate  of  sodium. 

In  the  first  reaction,  only  one-half  of  the  hydrogen  in  each 
molecule  of  sulphuric  acid  is  replaced  by  sodium ;  in  the  second, 
both  atoms  of  hydrogen  are  replaced.  The  first  reaction  requires 
more  sulphuric  acid  than  the  second,  in  proportion  to  the  amount 
of  tho  product,  but  is  accomplished  with  less  wear  of  the  appa- 
ratus, because  a  less  heat  Bulflces  for  the  first  than  for  the  second 
reaction. 

We  may  illustrate  the  practical  importance  of  the  atomic 
weights,  by  taking  an  actual  esample  of  each  of  these  reactions. 
Starting  with  100  kilos,  of  salt  in  each  ease,  what  quantities  of 
sulphuric  acid  should  be  employed,  and  what  will  be  the  weights 
i>i  the  products  in  each  reaction  ?  (See  §  81.) 

h2 


le  either  of  the  reactions 
or  may  lie  between  them  : 

expressed  in  th 

NaCl        -t- 
Chloride  of 
sodium. 

H,SO.         =        HCl 

Sulphuric            CMorhydr 

acid.                        add. 

2NaCl         + 

H,SO. 

^      2Hca 
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The  molecular  weight  of  WaCl        ia23+35'5  =  58-5 

«         „        „  H^SO^     18    2+32+4x16         =  98 

„         „         „  N'aH80,is23+   1  +  32+4x16=120 

»         „         „  Nii^SO,    is  46  +  32  +  4x16  =142 

„        „         „  HCl         is    1+35-5  =  3(5-5 

The  weight  of  Bulphurie  acid  needed  in  the  two  cases  is  ascer- 
tained by  solving  the  following  proportions ; — 

First 
reaction 


58-5      :      98      =      100  k.     :    a:  ( =167-52  k.) 
Mol.  wt.  of  Md.  wt.  of  Quantity  of       Quantity  of 
NaCl.         HjSO,.        NaCl  used.     H^SO,  required. 


Second!         ^^^       ^      gg      ^     ^^^^_     ^ 

reaction  J  Mol.wt.of  Mol.wt.of  Quantity  of 

2^101.        H,SO^.       NaCl  med. 

The  weight  of  ohlorhydric  acid  gas  produced  i 


a:  ( =33-78  k.) 

Quantity  of 
HjSO,  required. 

tlie  two  cases  will 


be  precisely  the  satoe  ;  it  is 

First 
reaction 


from  the  proportions ; — 


58-5      :      36-5      =      100k.    :    a^(=62-39  k.) 
Mol.wt.  of  Mol.  wt.  of     Quantity  of        Qaantitu  of 
NaCl.  HCl.  mCluscd.      HClw     '       • 


[        117       :      73         =      100k.    :    iB(=62-39k.) 

'  Mol  wt.  of  Mol.  wt.  of      Quantity  of       Quanlitii  of 

2NaCl.         2Ha.  WaCl  wed.      HCl  p     '       ' 


The  weights  of  the  residual  sodinm-salts  in  the  two  cases  are  de- 
duced from  the  proportions : — 

^^^}    ]        58'5      :      120       =      lOOk.    :  a^(=205-128  k.) 
reaction  j  jy.^j_  ^^  ^^  ^^;_  ^^^  ^j.      ^^^^^^^  ^^      Quantity  of 

NaCl.       NaHSO..       KaCl  used.  KaHSO,  produced. 


reaction 


.        117       :      142       =      100  k.    :a^  (=121  ■307  k.) 
Mol.  wt.  of  MoJ.  wt.  of      Quantity  of      Quantity  of 
2NaCl.       Na^SO,.        NaCl  used.  Na^SO,  produced. 

In  each  case  the  sum  of  the  weights  of  the  materials  employed  is, 
of  course,  equal  to  the  sum  of  the  weights  of  the  products.  If 
the  questions  suggest  themselves — how  much  water  will  these 
62-39  k.  of  ehlorhydric  acid  gas  saturate,  and  what  will  be  the 
bulk  of  the  concentrated  solution  so  obtained  ? — the  answers  can 
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be  easily  deduced  from  tlie  following  data  ;— Tho  strongest  chlor- 
hydrio  acid  has  a  specific  gravity  of  aliout  1-20,  and  ContainB 
about  40  per  cent,  by  weight  of  the  g^.  40  k.  of  chlorliydric 
acid  gas  will  then  saturate  (iO  k.  of  water,  and  it  follows  that 
6^-39  k.  of  the  gas  will  saturate  93-58  k,  of  water.  The  weight 
of  the  solution  of  chlorhydrie  acid  produced  will  therefore  be 
62-39  +  93-58=  155-97  k. ;  and  since  1  litre  of  the  solution  weighs 
1'20  k.,  the  total  bulk  of  concentrated  aqueous  acid  produced  will 
be  very  nearly  130  litres. 

102.  If  the  question  suggest  itself — why  not  get  the  hydrogen 
wanted  from  water,  HjO,  a  much  simpler  and  cheaper  subatanee 
than  sulphuric  acid  ? — the  only  answer  is,  that  experience  has 
taught  that  water  has  no  action  upon  salt  except  to  dissolve 
it,  while  sulphuric  acid  has  power  to  part  the  two  elements  of 
salt,  and,  giving  hydrogen  to  the  chlorine  of  the  salt,  to  accept  the 
detached  sodium  of  the  salt  in  the  place  of  its  own  lost  hydrogen. 
Of  the  nature  of  the  play  of  forces  by  which  this  new  adjust- 
ment in  definite  proportions  of  the  atoms  of  five  elements  is 
brought  about,  we  have  no  distinct  conception.  All  that  we 
know  has  been  said  when  it  is  stated  that  water  works  no  che- 
mical change  on  salt,  while  sulphuric  acid  {and  a  few  other  sub- 
stances of  analogous  composition)  does  bring  about  a  very  essen- 
tial change. 

In  the  hope  of  rendering  these  and  similar  facts  more  intelli- 
gible, many  chemists  have  assumed  that  an  element  like  chlorine, 
or  a  group  of  elements  like  sulphuric  acid,  may  posiSess  a  supe- 
rior chemical  attraction,  or  a  greater  affinity,  for  some  elements 
or  groups  than  for  others.  They  would  explain  the  reaction 
between,  salt  and  sulphuric  acid  by  saying  that  chlorine  has  a 
greater  affinity  for  hydrogen  than  for  sodium,  while  a  part  of  the 
sulphuric  acid  has  a  stronger  attraction  for  sodium  than  for 
hydrogen  ;  and,  in  like  manner,  they  would  account  for  the  ab- 
sence of  action  between  water  and  salt  by  saying  that  the  affinity 
of  oxygen  for  sodium  is  no  stronger  than  that  of  chlorine  for 
sodium.  K  the  second  of  the  equations  above  giTeH  be  written 
after  the  dualistic  theory,  as  follows, 

2NaCl  -I-  11,0,80,  =   2HC1  -|-   Na,0,  SO,, 
wo  shall  perceive  the  basis  of  a  still  more  ample  explanation, 
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often,  given,  of  sacli  reactions.  Tlie  reaction  above  written  is 
said  to  be  determined,  or  caused,  by  three  affinities: — 1.  The 
affinity  of  the  metal  for.osygen  ;  2.  The  affinity  of  the  hydrogen 
for  chlorine ;  3.  The  affinity  of  the  oxide  of  sodium  for  sulphuric 
acid.  It  will  be  at  once  perceived  that  the  contact  of  water  with 
Bait  gives  opportunity  for  the  play  of  the  first  two  affinities  ;  it  is, 
therefore  the  third  affinity  superadded  to  the  other  two  which 
in  this  view  actually  dettrmincs  the  decumpoaition  of  salt  by  aui- 
phuiic  ai  id 

Such  epeculatioas  as  these  have  not  been  altogether  fiuitless 
in  the  development  of  chemistry,  and  to  some  minds  they  setm 
to  render  the  actual  phenomenon  more  iiitelli::;ibk  the  teira 
a^ivty  13  also  sometimes  convenient  in  exprt&sm^  the  vaijing 
intensity  with  which  one  element  grapples  and  holds  other  ele- 
ments, 01  gioaps  of  elements,  the  student  must  not  fail  to  dis- 
tmgui&h,  however,  between  the  matters  of  fact  and  the  matters 
of  speculation,  in  wbatevei  stands  written  m  chemical  bterature 
touihing  af&nitiw  and  then  play.  The  best  use  of  the  ill-chosen 
term  affinity  is  as  a  syronime  foi  chemical  foice  Phra&esi  m 
which  the  teim  is  used  in  thi^  'tonse  may  contain  simple  state- 
ments of  f  let ,  but  vt,r\  tiequentiy,  especially  when  the  word 
"eleetue'  is  coupled  with  it,  the  term  is  used  in  connexion 
with  unprofitable  hypotheses.  What  we  attti  illi  know  of  the  re- 
action between  salt  and  sulphuric  acid  is  comprehended  in  the 
statement  that  the  hydrogen  of  the  acid  and  the  sodium  of  the 
salt  change  places  in  the  definite  proportions  by  weight  which  are 
expressed  in  the  atomic  weights  of  the  two  elements. 

Commercial  chlorhydric  acid  is  not  pure ;  its  commonest  im- 
purities arc  sulpliuric  acid  which  gets  mechanically  mixed  with 
the  acid,  iron  derived  from  the  iron  vessels,  arsenic  supplied  by 
the  impure  sulphuric  acid  employed,  the  salts  contained  in  the 
water  which  dissolved  the  gas,  sulphurous  acid,  and,  not  nnfre- 
qnently,  free  chlorine, 

Exp.  49. — Melt  a  handful  of  coarse  common  salt  in  a  Hessian  cru- 
cible in  a  coal  fire,  and  pour  out  the  lic[uid  salt  upon  a  brick  or  stone 
flooi-.  Weigh  out  30  grms.  of  the  fused  salt  wheii  it  has  become  cold, 
and  place  it  in  a  flask  of  a  litre  capacity,  provided  with  a  delivery- 
lubc  which  can  be  conveniently  connected  by  a  ci 
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witb  a  series  of  small  Woulfe-bottles,  9uch  as  is  lepvesented  in  Fig,  34. 
Pow  60  giummes  of  etrong  sulphuric  acid  upon  thi;  sjilt,  and  iinme- 


dinfely  cork  the  flask,  placa  if  upon  a  sani-batli  on  tlin  iron-stand, 
and  connect  the  delivery -tube  wjfh  the  Woulfe-hottle«.  The  tubes 
by  which  the  gas  enters  fie  bottles  should  barely  dip  beneath  the 
water  eontainod  in  them,  inasniueh  as  the  solution  of  chlorhydric  acid 
is  heavier  than  water ;  the  bottles  should  not  he  more  than  half  full, 
for  the  water  hecomes  hot  and  increases  considerably  in  bulk.  As  hot 
water  holds  less  gas  in  solution  than  cold  water,  it  is  not  amiss  to 
place  each  three-necked  bottle  in  a  vessel  of  cold  water.  The  first 
Woulfe -bottle  should  conta'n  but  a  small  qunntity  of  water,  and  the 
tube  coming  from  the  flask  should  not  dip  into  this  water.  The  con- 
tenta  of  the  flask  must  he  very  gradually  and  moderately  heated,  else 
a  violent  frothing  is  liable  to  occur,  which  would  spoil  the  eiperimeut. 
The  process  is  like  that  of  making  ammonia-water,  except  that  the 
delivery-tube  passes  to  the  bottom  of  each  Woulfe-bottle  in  making 
ammonia-water,  because  the  solution  of  ammonia-gas  is  lighter  than 
wat^r,  instead  of  heavier  as  is  the  ease  with  the  solution  of  chlorhy- 
dric acid  gas.  As  with  tlie  ammonia  process,  the  solution  will  be 
purer  in  the  second  bottle  than  in  the  first,  in  the  third  than  in  the 
second,  and  so  forth.  Reserve  the  contents  of  the  first  bottle  to  make 
chlorine  from  (Exp.  51).  The  pure  acid  should  be  preserved  for  use 
in  experiments  which  cannot  he  performed  except  with  an  acid  purer 
than  the  commercial  article. 

103.  The  uses  of  chlorhydric  acid  are  very  numerous.  It  is 
employed  in  making  chlorine,  chlorate  of  potassium,  and  chloride 
of  lime  {bleaching- powder),  in  preparing  chloride  of  ammonium 
and  chloride  of  tin,  in  the  manufacture  of  gelatine,  for  dissolving 
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metals  (either  by  itself  or  mixed  with  nitric  acid) ;  it  is  one  oE  the 
most  usefiil  reagents  in  the  chemical  laboratory. 

Chlorhydric  acid  dissolres  most  metallic  oxides,  and  appears  to 
combine  with  them ;  but  on  eyaporating  such  a  solution  a  com- 
pound is  obtained  which  contains  neither  hydrogen  nor  oxygen, 
but  only  chlorine  and  the  metal.  Wlien  caustic  soda,  for  example, 
combines  with  cMorhydnc  acid,  chloride  of  sodium  and  water  are 
the  products,  as  eshibited  by  the  equation 

KaHO  +    HCl  =  KaCl  +   H,0. 
When  the  black  oxide  of  copper  is  dissolved  in  chlorhydrie  acid, 
the  green  liquid  produced  is  an  aqueous  solution  of  chloride  of 
copper ; 

CuO  +  2HC1  =  CuCI,  +  H,0. 
But  though  the  metal  may  exist  in  solution  in  the  form  of  chlo- 
ride, it  is  quite  possible  to  precipitate  it  as  oside,  if  it  have  an 
insoluble  oxide,  by  adding  to  the  solution  of  the  chloride  a  soluble 
oxide  of  anotier  metal  capable  of  displacing  the  first.  Thus,  if 
to  a  boiling  solution  of  chloride  of  copper  a  hot  solution  of  caustic 
soda  be  added,  the  sodium  and  the  copper  change  places,  and  the 
insoluble  black  oxide  of  copper  is  precipitated. 

CuCl,  +  2NaH0  =  2Na01   +  H,0   +   CuO. 
Chlorhydrie  acid  is,  in  fact,  the  chloride  of  hydrogen,  strictly 
analogous  in  composition  to  the  chloride  of  a  metal  like  sodium, 
and  it  takes  part  in  double  decompositions  like  any  other  chloride. 

104.  Aqua  Regia  (Jtoyal  Water).~This  name  was  given  by 
the  alchemists  to  a  mixture  of  chlorhydrie  and  nitric  acids,  be- 
cause of  its  power  to  dissolve  gold,  the  "  king  of  metals." 

JExp.  50, — Place  two  square  centimetres  of  genuine  gold-leaf  at  the 
bottom  of  a  test-tube,  and  pour  upon  the  gold  six  or  eight  drops  of 
strong  chlorhydiic  acid ;  put  a  similar  piece  of  gold-leaf  in  a  second 
test-tube,  and  pour  upon  it  two  or  three  drops  of  nitric  acid ;  neither 
acid  attacks  the  gold,  which  remains  undissolved.  If  the  contents  of 
the  two  test-tubes  ba  mixed  together  in  either  tube,  the  gold-leaf  will 
almost  immediately  dissolve. 

Platinum,  which  like  gold  resists  the  action  of  both  ehlorhydrio 
and  nitric  acids  singly  applied,  yields  at  once  to  the  mixture  of 
tlie  two  acids.     Both  tkcso  precious  metals  are  converted  by  aqua 
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regia  into  diloiides  soluble  in  water.  Strong  chlorliydric  acid  ii 
oxidized  by  strong  nitric  acid ;  chlorine,  water,  oxides  of  nitrogen, 
and  unstable  compounds  containing  chlorine,  oxygen,  and  nitro- 
gen, aare  the  products.  The  decomposition  is  complex,  but  may  bo 
roughly  represented  by  the  equation 

HCl  +  HHO,  =  CI  +  H,0  +  NO,. 
The  presence  of  nascent  (§  88)  chlorine  explains  the  energetic 
conversion  of  metals  into  chlorides  by  aqua  regia;  and  the  strong 
oxidizing  effect  of  the  liquid  is  further  explained  by  the  presence 
of  the  unstable  oxygen  compounds  which  result  from  the  reaction. 
Aqua  regia  has  indeed  a  very  strong  oxidizing  power ;  it  can 
change  sulphur  into  sulphuric  acid,  araenio  into  ai'senio  acid,  and 
effect  many  other  similar  oxidations. 

This  powerful  solvent  is  made  by  simply  mixing  the  two  eeids, 
though  in  various  proportions,  according  to  the  use  to  be  made  of 
it ;  the  commonest  mixture  is  composed  of  one  part  of  nitric  acid 
and  three  parts  of  chlorhjdric  acid. 


CHAPTER    Vm. 


105.  Chlorine  can  readily  be  prepared  from  chloriydric  acid 
by  removing  the  hydrogen  of  that  acid  by  chemical  means. 

Exp.  51. — In  a  flask  of  about  600  c.  c  capacity  furnished  with  a 
suitable  delivery-tube,  place  8  or  10  grms.  of  coarsely  powdered  black 
oxide  of  manganese ;  pour  upon  it  20  or  SOgrms.  of  common  muriatic 
acid,  and  gently  heat  tie  mixture.  Chlorine  will  soon  be  disengaged, 
and  may  be  recognized  by  its  pecidiar  color.  Being  very  heavy  the 
gas  may  best  be  collected  by  displacement  in  dry  bottles,  placed  in  the 
open  air,  or  in  a  case  or  hox  provided  with  an  dficient  draft  It  may 
also  be  collected  over  warm  water  or  brine  in  the  water-pan.  It  can- 
not be  well  collected  over  water  at  the  ordinary  temperature,  since  it 
is  rather  easily  soluble  therein — thoug-h  tie  difficulty  may  be  obviated 
in  part  by  evolving  the  gaa  rapidly,  or  by  passing  the  delivery-tube 
to  the  top  of  the  bottle  in  which  the  gaa  ia  collected.     It  must  not  be 
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left  atnndiiig  over  water,  since  it  would  soon  be  entirely  absorbed. 
In  expeiimendng-  with  cLlorine,  cnre  must  alwaja  be  tijien  not  to 
inhale  it. 

The  reaction  which  occurs  in  this  experiment  may  be  thus 
formulated ; — . 

MnO,  +  4HC1  =  2Rp  +  MnCl,  +  2C1. 
Black  oxide  of  manganese  is  a  substance  rich  in  oxygen,  which, 
under  certain  conditions,  it  readily  yielda  up  to  other  elements. 
In  the  case  before  us,  the  oxygen  of  the  oxide  of  manganese  unites 
with  the  hydrogen  of  the  ehlorhydric  acid  to  form  water.  The 
chlorine  of  the  chlorhydiic  acid  unites  in  part  with  the  manga- 
nese, and  is  in  part  left  free. 

In  place  of  the  black  oxide  of  manganese  in  this  experiment, 
BCTeral  other  substances  which  readily  give  up  oxygen  may  be 
employed ;  and  instead  of  the  free  ehlorhydric  acid  of  the  fore- 
going experiment,  the  mixture  of  common  salt  and  sulphuric 
acid,  which  generates  ehlorhydric  acid  (Exp.  49),  is  often  used. 
The  latter  method  has  the  advantage  of  eliminating  the  whole  of 
the  chlorine  from  the  chlorine  compound  used,  whereas,  in  the 
decomposition  of  the  oxide  of  manganese  by  ehlorhydric  acid  alone, 
half  the  chlorine  remains  combined  with  the  manganese.  More- 
over, when  present  in  excess,  the  sulphuric  acid  has  the  effect  of 
drying  the  chlorine.  The  reaction  may  bo  expressed  as  follows : — 
2NaCl  +  2Hj80,  +  MnO,  =  Na.SO,  +  MnSO.  +  SH^  +  2C1. 
Another  method,  which  has  been  carried  out  in  practice  upon  the 
large  scale,  is  to  heat  a  mixture  of  common  salt  and  nitrate  of  so- 
dium with  an  excess  of  sulphuric  add.  Chlorhydric  and  nitric 
acids  are  evolved,  and,  reacting  upon  one  another,  generate  chlo- 
rine, hyponitric  acid,  and  water : — 

HCl  +  HNO,  =  CI  +  NO,  +  H,0. 
The  hyponitric  acid  is  absorbed  by  sulphuric  acid,  and  subse- 
quently employed  in  the  mamifactui'e  of  sulphuric  acid,  while  the 
chlorine  ia  collected  apart  and  employed  in.  such  manner  as  may 
be  desired. 

106.  Chlorine  is  an  abundant  element,  and  very  widely  distri- 
buted in  nature.  It  exists  chiefly  in  combination  with  sodium  as 
a  chloride  of  sodinm,  which  is  called  rock-salt  or  sea-salt,  accord- 
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ingly  as  it  is  found  in  beds  in  the  earth,  or  dissolved  in  the  water  of 
the  ocean.  Since  tho  atomic  weigbt  of  chlorine  is  35-5  (§  99), 
andthat  of  the  metal  sodium  is  133,  each  molecule,  oach  gramme,  or 
each  kilogramme  of  chloride  of  sodium  contains  T^^,  or  60'684  per 
cent,  of  chlorine.  Accordingly  in  a  gramme  of  chloride  of  sodium 
there  exists  something  more  than  0'6  gi-m.  of  chlorine ;  and  a 
kilogramme  of  common  salt  should  yield  606'84  grms  of  chlorine. 
Every  litre  of  sea-water  will  yield  aboutfive  litres  of  chlorine  gas. 
Hesides  chloride  of  sodium,  sea- water  contains  small  quantities  of 
the  chlorides  of  several  other  metals ;  there  are  numerous  mine- 
rals, also,  which  contain  chlorine. 

107.  At  the  ordioary  temperature  chlorine  is  a  gas  of  yellowish- 
green  color,  2-5  times  as  heavy  as  atmospheric  air.  Its  specific 
gravity  and  atomic  weight  are  35-5.  It  is  excessively  irritating 
and  Buffocating,  even  when  inhaled  in  exceedingly  small  quan- 
tities. Any  attempt  to  breathe  the  undiluted  gas  would  un- 
doubtedly be  fatal.  Under  a  pressure  of  4  atmospheres  at  15°  it 
is  condensed  to  a  yellow  mobile  liquid,  having  a  sp.  gr.  of  1-33 ; 
this  liquid  has  never  jet  been  solidified.  It  is  soluble  to  a  con- 
siderable extent  in  water  at  the  ordinaiy  temperature,  1  volume 
of  it  being  dissolved  by  hnlf  a  volume  of  water  at  15°.  This  so- 
lution, which  exhibits  the  color,  odor,  and  genei'al  chemical  pro- 
perties of  the  gas,  is  called  chlorine- water.  At  low  temperatures, 
wat^r  dissolves  a  still  greater  proportion  of  chlorine ;  and  at  0°  a 
definite  hydrate  of  chlorine,  Cl,5HjO,  crystallizes  out. 

,Ecp.  52. — Fill  with  water  the  body  of  a  retort  of  tho  capacity  of 
600  c.  c,  and  without  tubuiatiire.     In-  ^. 

vert  the  retort  and  setit  upon  a  rinj 
upon  ft  bed  of  sand,  with  the  i 
pointed  upwards  in  such  manner  that 
no  air  shall  enCei'  the  body.  From  a 
flask  in  which  chlorine  is  being  gene- 
rated pass  a  long  delivery-tube  down 
the  neck  of  the  retort  to  the  water,  bo 
that  the  chloiine  may  slowly  bubble 
tliroiigh  the  water.  The  absorption  of 
the  gaa  may  be  promoted  by  gently  shaking  the  retort  from  time  to 
time.  As  soon  as  the  water  becomes  saturated  with  chlorine,so  much 
gtis  will  collect  in  the  retort  that  the  liquid  will  be  pressed  out  of  the 
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body  nnd  will  flow  over  from  the  neck ;  when  this  occurs  the  opera- 
tion may  be  stopped. 

At  the  beginning  of  the  experiment,  before  all  the  atmbspberie  nir 
has  been  expelled  from  the  flask  in  which  the  chlorine  is  generated,  it 
ia  well  not  to  push  the  gas  delivery-tube  completely  to  the  bottom  of 
the  neck  of  the  retort,  but  to  simply  immerse  it  in  the  edge  of  the 
water,  so  that  none  of  the  escaping  bubbles  of  gas  shall  enter  the  body 
of  the  retort  until  it  has  become  evident  that  nothing  but  pure  chloi'in,! 
ia  coming  over ;  the  tube  may  then  be  immersed  more  deeply. 

The  water  saturated  with  chlorine  should  be  transferred  to  a  bottle 
and  preserved  for  future  use.  It  niay  ba  employed,  more  conveniently 
fian  the  gas,  to  illustrate  msr.y  of  the  properties  of  the  element. 

In  sunlight,  or  even  in  ordinary  daylight,  chlorine-water  suffers  de- 
composition (see  5  113),  but  in  the  dark  it  undergoes  no  change.  It 
should  be  kept,  therefore,  either  in  a  cellar  or  tight  closet,  or  in  a 
stoneware  bottle,  or  in  a  bottle  of  black,  red,  or  yellow  glass,  or  in  one 
covered  with  black  paper.  Through  the  blackened  glass  no  light  can 
penetrate  to  fie  chlorine- water,  and  through  red  or  yellow  glass  few, 
if  any,  of  the  so-called  chemical  or  actinic  rays  can  paas.  The  violet 
rays  of  the  epectrum  are  those  which  oshibit  aofinic  power,  and  these 
are  stopped  by  red  or  yellow  glass,  which  is  red  or  yellow  because  it 
permits  the  passage  of  only  the.se  colored  rays. 

108.  Chlorine  ia  a  powerful  chemical  agent.  It  combines  with 
hydrogen  with  explosive  violence  upon  being  heated,  or  even  on 
heing  exposed  to  sunlight. 

Mi:p.  53. — In  a  soda-water  bottle,  which  must  be  screened  from 
strong  light  by  wrapping  it  in  a  towel,  unless  direct  and  reflected  sun- 
light be  excluded  from  the  room,  mix  equal  volumes  of  chlorine  and 
hydrogen,  then  remove  the  cork  and  hold  tie  mouti  of  the  battle  in 
the  flame  of  a  lamp,  A  sharp  explosion  will  ensue.  Or  the  mixture 
may  be  made  in  a  pbisl  of  white  glass  rolled  up  in  a  thick  towel  and 
filled  in  a  darkened  chamber.  The  explosion  can  then  be  brought 
about  by  carefully  rolling  the  phial  out  of  its  envelope  into  a  ray  of 
sunlight,  in  a  place  where  the  fragments  of  glass  can  do  no  harm.  In 
this  last  modification  of  the  expei-iment  the  phial  is,  of  course,  left 
corked.  The  operator  should  stand  behind  a.  window-shutter  or  other 
suitable  screen. 

Still  another  method  is  to  place  the  bottle  in  a  shady  place,  and  by 
means  of  a  looking-glass  refiect  upon  it  a  ray  of  simlight.  The  moment 
the  beam  touches  it,  the  bottle  will  explode. 

A  mixture  of  the  two  gasea  may  be  kept  in  the  dark  for  any 
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length  of  time  ■without  change ;  in  diffused  daylight  they  usually 
unite  only  slowly  and  gradually;  hut  in  direct  sunlight  the  un^on 
is  so  instaiitaneouB  as  to  be  attended  with  explosion. 

109,  Chlorine  combines  also  very  readily  with  many  of  the 
metals,  the  comhination  being  in  several  instances  attended  with 
evolution  of  light. 

Erp.  54.— Fill  a  bottle  of  at  least  half  a  litre  capacity  with  dry 
chlorine  gas,  by  displacement ;  the  gas  should  be  dried  by  passing  it 
through  atube  filled  with  chloride  of  calcium,  as  described  in  iheAp- 
pendix.  5  15.  Gradually  sift  a  gramme  or  two  of  very  finely  powdered 
metallic  antimony  into  the  bottle.  The  metal  will  instantly  talte  fire 
and  fall  in  a  g-Iowing  state  to  the  bottom  of  tie  bottle.  This  fire 
attends  the  formation  of  a  compound  of  chlorine  and  antimony,  a  por- 
tion of  which  will  be  seen  pervading  the  bottle  aa  a  white  smoke. 

This  experiment,  and  indeed  all  experiments  with  chlorine,  should 
be  performed  only  in  places  where  there  is  a  current  of  air  sufficiently 
powerful  to  carry  away  from  tbc  operator  the  volatile  products  of  tlie 
reaction,  together  with  any  chlorine  which  may  escape  from  the  bottle. 

Ab  in  the  case  of  the  union  of  sulphur  with  copper  (Exp.  1), 
so  here  it  will  be  seen  that  burning,  as  commonly  understood,  is 
in  no  wise  peculiar  to  the  union  of  oxygen  with  the  other  ele- 
ments. In  the  act  of  chemical  comhination  heat  is  always  evolved, 
and,  of  course,  hght  as  well,  if  particles  of  solid  matter  he  present 
and  become  hot  enough  to  be  luminous. 

Since  oxygen  is  very  abundant,  we  are  more  aecustemed  to 
witness  exhibitions  of  its  chemical  action  than  those  of  any  other 
element;  but  we  must  not  therefore  lose  sight  of  the  fact  that 
among  the  elements  there  are  several  wiiich  possess  chemicfJ 
power  as  great  when  brought  into  play,  though  not  as  frequently 
exhibited  as  that  of  oxygen. 

.Erp.  55. — Into  a  small  dry  bottle  throw  loosely  several  leaves  of  the 
60-called  Dutch-metal  {an  imitation  gold-leaf  made  fiom  an  alloy  of 
the  metals  copper  and  zinc),  and  invert  over  it  a  bottle  of  dry  chlorine. 
As  the  heavy  gas  falls  into  the  lower  bottle,  the  chlorine  attacks  the 
metal,  which  becomes  red-hot  for  a  moment,  shrivels  up,  and  is  eon- 
verted  into  a  mixture  of  chloride  of  copper  and  chloride  of  zinc.  Both 
these  compounds  are  readily  soluble,  the  chloride  of  copper  impart- 
ing to  the  water  a  peculiar  green  tinge.  The  term  chloi'itle  is  used  fea 
denote  the  combination  of  chlorine  with  another  element,  just  as  the 
term  oxide  denotes  a  compound  of  oxygen. 
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110,  A  burning  jet  of  hydrogen,  on  being  introduced  into  a 
jar  of  chlorine,  will  continue  to  bum  with  a  peculiar  green  light, 
the  two  gases  uniting  to  form  ebJorhydric  acid, 

Exp.  56. — From  a  gas-holder  containing  hydrogen,  carry  a  glass 
tube,  No.  6,  outwards  horizontally  a  few  centimetres,  then  downwards 
to  reach  the  bottom  of  ft  wide-mouthed  litre  bottle  filled  with  dry 
chlorine ;  bend  the  end  of  the  tube,  previously  drawn  to  a  point, 
sharply  upward,  so  that  the  jet  of  hydrogen  may  stream  upwards 
through  the  chlorine.  Light  the  hydrogen  jet,  and  insert  it  into  the 
bottle  of  chlorine. 

By  reversing  the  esperimont,  chlorine  may  just  as  well  be 
burned  in  an  atmosphere  of  hydrogen. 

Exp.  67. — In  a  small  flash  of  75  or  100  e.  c.  capacity,  provided  with 
a  small  chlmde  of  calcium  tube  prolonged  into  au  upright  delivery- 
tube  which  18  drawn  out  to  a  fine  point  at  the  top,  generate  a  free 
supply  of  chlorine  Inflame  a  jar  of  hydrogen,  held  mouth  down- 
wards and  press  it  slowly  down  upon  the  chlorine  flask  so  that  the 
oriflce  fiom  which  the  chlorine  is  issuing  may  be  at  the  centre  of  the 
hydrogen  bottle  in  the  midst  of  the  gas.  In  passing  through  the 
burning  hydrogen  at  the  bottom,  of  the  jar,  the  chlorine  will  be  heated 
to  the  temj  erature  nece    a     f  wn  nflammation,  and  it  will  con- 

tinue to  bum  m  the  hydrog  n  n  h  same  way  that  oxygen  bums  in 
hydrogen  under  similar       umstan 

111,  The  hoat  evol  I  du  n  tl  e  ombustion  of  hydrogen  in 
chlorine  is  less  inten  th  that  p  oduced  by  its  union  with 
oxygen.  When  one  gramn  e  f  hydrogen  is  burned  to  cblor- 
hydric  acid,  there  ar  d  d  2d783  units  of  heat,  while 
34462  units  of  heat  a  e  e    1  cd  wh  n  t  burns  to  water. 

112,  As  has  been  s  n  1 1  nn  s  both  combustible  and  a 
supporter  of  combustion  so  far  as  hydrogen  is  concerned,  and  it 
exhibits  a  strong  affinity  for  many  of  the  nietala ;  but  it  does 
not  unite  directly  with  either  oxygen  or  carbon. 

Exp.  68. — If  a  burning  taper,  or  a  bit  of  flaming  wood  or  paper,  bo 
thrust  into  a  bottle  of  chlorine  gas,  the  flame  will  become  murhy,  and 
after  struggling  for  a  moment  will  go  out.  Much  smoke  is  at  the  same 
time  given  ofl*. 

Exp.  59, — A  bit  of  paper,  attached  to  a  wire,  dipped  in  hot  oil  of 
turpentine  and  then  quickly  plunged  into  a  bottle  of  chlorine,  will 
JsuftUy  take  fire  spontaneously,  aiid  bum  with  evolution  of  dense  black 
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fnme.^.  On  account  of  the  volatility  and  ready  mflBmrnitbility  of  oil  of 
turpentine,  it  Bliould  be  carefully  heated  upon  a  water-bath  (Appendix, 
5 17)  in  a  poreekin  dish.  If  by  any  chance  the  turpeDtine  take  Are  in 
the  dish,  it  can  be  instantly  estingiiiahed  by  eovering  the  dish. 

JExp.  60. — Place  an  inverted  tall  bottle  full  of  water  upon  the  shelf 
of  the  wRlor-pan  and  fill  it  two-third'  full  of  (Monne ,  then  diaplace 
the  I'est  of  the  water  nith  oidinari  jlluminating;  gas  Cover  the 
mouth  of  the  bottle  with  a  glaas  plate  and,  remoiing  it  ftom  the 
water-pan,  place  it  in  an  upright  position  upon  the  table  Eeraove 
the  cover,  and  touch  a  li^'hted  raati.h  to  the  gis ,  fire  wiU  be  propa- 
gated from  above  downwards  while  cloud'  of  smoke  are  evolved. 
Hold  a  piece  of  moistened  blue  litmua  paper  in  the  smoke ;  it  will  be 
reddened  by  the  chlorhydric  acid  which  has  been  formed. 

The  wax,  wood,  paper,  turpentine,  and  gas  of  the  foregoing 
experimenta,  and  indeed  most  of  the  substances  ordinarily  used 
as  combuslibleB,  eontmn  hydrogen  and  carbon.  The  hydrogen  of 
these  things  will  burn  in  chlorine,  will  unite  chemically  with  the 
chlorine  to  form  chlorhydric  acid;  bat  the  carbon  will  not  thus 
unite  with  chlorine.  Hence  it  is  that,  in  the  experimenta  in 
question,  thf  combustion  is  at  the  expense  of  the  hydrogen ;  the 
hydrogen  of  the  candle,  turpentine,  and  so  forth  alone  unites  with 
dilorine,  while  the  carbon  is  set  free  as  lampblack  or  smoke. 

113.  Chlorine  can  even  decompose  water  andcr  certain  condi- 
tions, taking  away  its  hydrogen,  while  tho  oxygen  is  left  free. 
This  occura,  for  example,  when  a  mixture  of  chlorine  and  aqueous 
vapor  is  passed  through  a  red-hot  glass  or  porcelain  tube  filled 
with  fragments  of  the  same  material.  So,  too,  when  an  aqueous 
solution  of  chlorine  is  exposed  to  light,  the  water  is  gradually 
decomposed,  as  has  been  stated  in  §  107,  oxygen  being  set  free, 
and  chlorhydric  acid  formed. 

2a  -I-  H,0  =  2HC1  -1-0. 

Sg).  61.— Fill  a  narrow-nionthed  bottle,  of 
the  capacity  of  at  least  half  a  litre,  with  water 
which  has  been  saturated  with  chlorine  at  a 
comparatively  low  temperature— such  as  is 
readily  obtained  by  immersing  the  receiver  in 
ice-water  during  the  absorption  of  the  gas. 
By  means  of  a  perforated  coi'k,  or  better,  a 
caoutchouc  stopper,  fit  tightly  to  the  bottle  a 
glass  tube.  No.  6,  bent  twice  at  right  angles, 
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one  branch  of  which  shall  be  loDfr  enough  to  reach  to  the  bottom  of 
the  bottle,  -while  the  other  arm,  made  much  ahortflr  than  tlio  first, 
dips  into  an  open  beaker  glass  half  full  ot  HBt<T 

Place  the  apparatus  in  such  a  position  thait  it  shall  be  exposed  to  as 
muGh  direct  sunlight  na  possible.  After  a  time  oxygen  gas  will  begia 
to  collect  at  the  top  of  the  bottle,  and  in  the  course  of  several  hours, 
or  days,  so  mucli  will  have  collected  that  it  can  be  tested  by  removing 
the  cork  from  the  bottle  and  thrusting  in  a  glowing  splinter.  The 
liquid  displaced  by  the  oxygen  flows  over,  tbi-oujh  fie  tube,  into  the 
beaker  glass.  The  chlorhydric  acid  of  cour.so  remains  dissolved  in  the 
water  of  the  bottle. 

114.  The  applications  of  chlorine  in  the  arts  depend  upon  that 
readiness  to  combine  with  hydrogen  which  has  just  been  exem- 
plified. By  virtue  of  this  affinity  for  hydrogen,  chlorine  acts 
indirectly  as  a  powerful  oxidizing  agent.  It  acta  as  a  purveyor 
of  nascent  oxygen,  and  is  hence  a  much  more  efficient  agent  than 
free  oxygen,  such  as  exists  in  the  air.  Its  chief  uses  aro  for 
bleaching  cotton  goods,  paper  stock,  and  so  forth,  and  for  destroy- 
ing foul  and  unhealthy  emanations. 

£151.  62. — Pour  into  a  test-glass  a  quantily  of  chlorine- water 
(Esp.  52),  drop  into  it  a  small  q^uantity  of  a  solution  of  indigo,  and 
stir  the  mixture  with  a  glass  rod.  The  blue  color  of  the  indigo  will 
bo  immediately  destroyed, 

la  the  same  way  the  color  of  litmus,  cochiueal,  aniline -purple, 
or  of  flowers,  calico,  and  the  like,  can  be  readily  destroyed  by 
immersion  in  chlorine-water  or  in  moist  chlorine  gas.  The  pre- 
sence of  water  is  essential ;  perfectly  dry  chlorine  will  not  bleach. 

Exp.  63. — Fill  a  glass  tube.  No.  1,  about  90  cm.  long,  with  scraps 
of  coloured  calico  and  hits  of  paper  which  have  been  written  upon  with 
ink.  Take  care  that  the  tube  and  ita  contents  ere  perfectly  dry,  and 
that  the  tube  is  closed  at  either  end  with  a  cork,  through  which  passes 
a  abort  piece  of  tubing.  No.  6.  Place  the  tube  in  a  vertical  position, 
and  pass  info  it,  from  below,  chlorine  gas  which  has  been  thoroughly 
dried  by  means  of  chloride  of  calcium  (Appendix,  §  15).  The  color- 
ing-matters wiU  not  be  desfj-oyed  so  long  as  fhey  remain  dry  ;  but  if, 
after  the  drj'  chlorine  haa  been  allowed  to  act  for  a  few  minutes,  a  little 
water  be  poured  in  at  the  top  of  the  tube,  so  that  its  contents  may  be 
wetted,  they  will  be  bleached  at  once. 

115.  Those  coloring-matters  which  are  of  vegetable  or  animal 
origin  are  for  the  most  part  complex  compounds  of  carbon,  hy- 
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drogen,  nitrogen,  and.  oxygen.  When  moist  chlorine  is  brought 
into  contact  with  tlieiu,  a  somewhat  complicated  reaction  occurs  ; 
a,  portion  of  their  hydrogen  is  no  doubt  taken  out  by  the  chlorine, 
but  at  the  same  time  some  of  the  water  wliich  is  present  is  decom- 
posed, and  its  oxygen  assists  the  disorganization  of  the  compound 
which  is  to  be  destroyed. 

Of  the  hydrogenized  or  earburetted  compounds  exposed  to  the 
action  of  the  nascent  osygeu  in  the  foregoing  experiment,  those 
which  are  most  complex,  and  of  which  the  elements  are  held 
together  least  firmly,  will  of  course  be  acted  upon,  burned  up, 
and  destroyed.  As  a  rule,  the  coloring-matters  are  far  more 
easily  oxidized  than  the  cotton  cloth  ;  hence  they  can  readily,  be 
removed  by  the  action  of  chlorine,  without  injury  to  the  cloth. 
But  if  the  action  of  the  chlorine  were  te  be  continued  after  the 
coloring -matter  had  been  destroyed,  the  cloth  itself  would  gra- 
dually be  burned  up. 

In  actual  practice,  where  th?  duration  of  the  exposure  of  the 
cloth  to  the  chlorine  is  carefully  regulated,  and  the  portions  of 
bleaching  liquor  which  at  first  remain  adhering  to  the  cloth  are 
completely  removed  by  washing  and  by  chemical  treatment,  the 
process  is  perfectly  safe  and  trustworthy  as  regards  cotton  or 
even  linen ;  but  the  animal  fibres,  such  as  wool  and  silk,  are  of 
more  complex  composition  than  cotton  and  linen;  they  cannot 
be  hleached  by  chlorine,  since  this  gas  would  attack  and  dis- 
organize them. 

116.  In  destroying  noxious  efSuvia,  chlorine  either  acts  upon 
them  as  upon  coloring-matters,  or  it  simply  takes  away  hydrogen, 
as  in  the  case  of  sulphuretted  hydrogen  hereafter  to  bo  studied. 
Putrid  animal  matter  may  be  rendci-cd  comparatively  odorless,  by 
sprinkling  it  copiously  with  chlorine -water ;  hence  a  solution  of 
chlorine  finds  some  application  in  inquests  and  judicial  investi- 
gations. 

The  energy  with  which  chlorine  seizes  upon  hydrogen  may  be 
further  illustrated  by  causing  chlorine  to  act  upon  ammonia- water. 

Ej^p.  6t — Into  a  glass  tube.  No,  1,  about  a  metre  long,  pour  enough 
chlorine- water  to  fill  it  nine-tenths  fall,  and  then  ammonia- water 
enough  to  fill  the  remaining  space.  Close  the  tube  with  the  thumb, 
invert  it  and  place  it  in  an  upright  position  upon  thewater-pan.    The 
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Hmmonia-w.iter,  liciiig  specifically  lighter  than  the  solution  of  ehlo- 
riae,  will  iiow  upwards  and  become  liiised  with  the  latter ;  a  reaction 
will  immediately  enaue;  some  of  the  chlorine  will  unite  with  the  hy- 
drogen of  ft  portion  of  the  ammonia,  to  form  clilorhydric  acid,  and 
nitrogen  will  he  let  free  Numberless  little  bubhles  of  this  gaa  wiU 
escape  from  the  liquor  and  collect  nt  the  top  of  the  tube,  and  may  ba 
subsequently  tP'Jted  with  a  burning  match.  The  chlorhydric  acid 
formed  unites  with  the  remainder  of  the  ammonia  to  form  chloride 


4NH3  +  3C]  =  N  4-  3NH^C1. 

By  modifying  the  appaiatus  employed  in  the  foregoing  experiment, 
so  that  ft  curre.it  of  chlorine  can  be  passed  into  a  vessel  containing 
ammonia- water,  the  evolution  of  nitrogen  can  readily  be  made  con- 
tinuous, and  large  quantities  of  the  gas  may  be  collected.  It  would 
be  an  excellent  and  easy  method  of  preparing  nitrogen  for  use  in  the 
laborat«3ry,  were  it  not  that  care  must  be  taken  that  the  ftmmonia 
shall  always  he  present  in  considerable  esc«S9.  If  this  precaution 
were  neglected,  there  might  be  formed,  by  the  action  of  the  chlorine 
upon  the  chloride  of  ammonium,  a. very  dangerous  compound  called 
chloride  of  nitrogen.  As  prepared  by  this  method,  the  nitrogen  is 
■Iways  contaminated  with  a  certain  amount  of  oxygen. 

In  the  foregoing  experiment,  the  chloride  of  ammonium  wliidi 
is  produced  remains  dissolved  in  the  water.  It  may  be  recovered 
by  evaporating  the  wat«r,  or  a  new  portion  of  it  may  be  prepared 
by  mixing  chlorhydric  acid  with  ammonia, 

Eep,  65.— Fill  one  half-litre  bottle  with  dry  ammonia-gas,  and 
another  with,  dry  chlorhydric  acid  gas.  Invert  the  latter,  and  place  it 
over  the  former,  so  that  the  mouth  of  the  upper  bottle  shall  rest  upon 
that  of  the  lower.  The  gases  will  immediately  unite  to  form  solid  chlo- 
ride of  ammonium,  a  dense  white  cloud  of  which  will  fiU  the  bottles  :— 

NH,  +  HCl  =  NH^Cl. 
One  volume  of  ammonia  unites  with  one  volume  of  chlorhydric  acid, 
and  the  gases  are  completely  condensed  to  a  white  solid. 

117.  Chloride  of  nitrogen,  the  dangerous  compound  of  chlorine 
and  nitn^en  which  has  been  alluded  to  above,  is  formed  when 
chlorine  is  brought  into  contact  with  a  weak  solution  of  chloride 
or  nitrate  of  ammonium  at  the  temperature  of  15°  or  20°.  As  the 
chlorine  is  gradually  absorbed,  yellow  oily  drops  of  cblorido  of 
nitrogen  form  upon  ,tho  surface  of  tho  liquid,  and  soon  fall  to  the 
bottom ; — 

HH^ea  +  .ea  =  4Ha  -i-  nci^ 
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Chloride  of  nitrogen  is  a  volatile  yellow  oil,  of  pecnliar,  pene- 
trating odor;  it  is  insoluble  in  water,  and  does  not  congeal  when 
exposed  to  eold.  Its  specific  gravity  is  1-6.53.  It  decomposes 
very  easily.  Upon  being  heated  to  nearly  100°,  or  touched  wjtii 
any  fat  or  oil,  with  turpentine,  or  with  various  other  substances, 
it  explodes  with  extreme  violence  ;  indeed  it  often  explodes 
spontaneously,  without  any  apparent  cause.  A  single  drop  of  it, 
exploded  upon  a  glass  or  porcelain  disb,  shatters  the  vessel  to 
atoms.  The  preparation  and  handling  of  this  body  require  the 
greatest  caution ;  it  should  never  be  prepared  by  the  novice  in 
chemistry. 

118.  We  have  heretofore  adduced  experimental  proof  of  every 
proposition  and  statement  so  far  as  was  possible  at  such  a  stage 
of  the  student's  progress.  The  chemical  properties  of  the  four 
elements,  oxygen,  nitrogen,  hydrogen,  and  chlorine,  have  been 
exhibited  by  experiment,  the  composition  of  many  of  their  most 
important  compounds  has  been  demonstrated  by  analysis  or  by 
synthesis,  or  by  both  these  methods,  and  the  chemical  properties 
of  these  compounds  have  been  iUiistrated  by  actual  experiment. 
Several  objects  have  been  thus  attained :— first,  experimental 
methods  of  research  have  been  illustrated  by  tangible  examples ; 
secondly,  the  foundation,  scope,  and  application  of  important 
laws  of  chemical  combination  have  been  explained ;  thirdly,  four 
leading  elements  have  been  minutely  studied — hydrogen  (the 
standard  atom  and  the  unity  of  specific  gravity  for  gases), 
oxygen,  nitrogen,  and  chlorine  (three  widely  diffused  elements, 
each  of  which  is  the  first  member  and  prototype  of  an  important 
group  of  elements,  many  of  whose  properties  we  shall  hereafter 
find  we  have  already  become  acquainted  with  in  studying  the 
prototypes) ;  fourthly,  three  compounds  of  these  elements  have 
been  carefully  studied — chlorhydrie  acid,  water,  and  ammonia 
— compounds  which  are  not  only  interesting  in  themselves,  but 
of  great  significance  as  tj'pes,  or  models,  of  three  large  groups  of 
compounds  whose  properties  we  have  reaUy  been  studying  while 
we  studied  their  types. 

From  this  point  forward  the  student  will  be  asked  to  accept 
on  trust  many  facts,  drawn  from  the  accumulated  stores  of  the 
Bcienee  and  resting  on  satisfectory  evidence,  the  full  exposition 


I  by  Google 


116  oxide: 

of  which  would  he  both  tedious  and  inappropriate.  The  Buhject- 
matter  of  chemistry  is  so  vast  and  various  that  it  will  be  neces- 
sary to  select  from  the  great  mass  of  material  onlj-  the  most 
valuable  portions,  and  to  dwell  only  on  those  elements  and  com- 
pounds which  are  of  practical  importance  in  the  useful  arts,  or 
which  are  of  interest  in  connexion  with  instructive  theories  or 
recognized  laws  of  the  science. 

lis.  Compounds  of  Chlorine  and  Oxygen. — Free  chlorine  does 
ot  combine  directly  with  free  oxygen.  But  by  resorting  to 
indirect  methods  seyeral  compounds  of  the  two  elements  can  be 
obtained.  As  many  as  flye  different  oxides  of  chlorine,  enume- 
rated below,  have  been  described,  though  as  yet  some  of  them 
are  known  only  in  combination  with  water  or  other  substances, 
and  not  in  the  free  condition  :— 

Names.  Comeosiijoit.  Foemui^. 


Bjw 

iglit. 

Chjori 

35-5x2 

=71 

16x3=  4f 

35-5 

16xa-  32 

.150X2 

-71 

ltix5-  8( 

35  5x3 

=VI 

i6xr=n3 

Chlorine.  Oijgen. 
Hypochloroua  ae!d.2Yol8.+l  vol. 

Chloroua  aoid 2  vols. +3  vola. 

Hjpocblorio  aojd...  1  vol.  +2to1s. 

Clilitrio  acid 2  vols. +  5  toIh. 

Perohlorio  acid 2to1s.+7  toIs. 

120.  Uypochhrova  Add  (C!,0).— If  a  small  quantity  of  slaked 
lime  (hydrate  of  calcium)  be  thrown  into  a  bottle  of  chlorine  gaa, 
and  the  mixture  be  then  left  to  itself  during  several  hours,  the 
chlorine  will  be  completely  absorbed,  and  there  will  be  formed 
two  compounds,  one  of  which  will  be  found  to  be  hypochlorite 
of  calcium,  the  other  chloride  of  calcium.  The  reaction  may  be 
thus  formulated : — 

2(CaO,H,0)  +  401  =  CaO.Cl^O  +  CaCl,  +  2H,0. 
This  mixture  is  a  substance  much  used  in  the  arts  under  the 
technical  names  "  chloride  of  lime,"  and  "  ble aching-powder ; "  it 
will  be  again  referred  to  hereafter. 

121.  Hydrated  hypooblorous  acid  may  be  prepared  from 
"bleaching-powder;"  the  solution  has  a  yellowish  color,  an 
acrid  taste,  and  a  peculiar  sweet  odor.  When  concentrated  it 
decomposes  rapidly,  even  if  kept  upon  ice.     Dilute  solutions  are 
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more  stable,  but  they  decompose  slowly  upon  being  boiled,  Hj- 
poehlorou3  acid  is  a  powerful  oxidizing  and  bleaching  agent. 
Its  solution  produces  at  once  effKcts  which  are  only  slowly  ob- 
tained when  chlorine-water  is  employed. 

Aniiydroua  hypochlorous  acid,  which  may  be  obtained  by  re- 
moving the  water  from  the  aqueous  solution,  is  a  gas  of  pale 
yellow  color  and  offensive  odor,  somewhat  resembling  that  of 
chlorine.  It  decomposes  very  easily  into  2  volumes  of  cHorine 
and  1  volume  of  oxygen ;  even  the  warmth  of  the  hand  is  suf- 
ficient to  decompose  it ;  and  it  is  difficult  to  preserve  it  unchanged 
even  for  a  few  hoars.  At  low  temperatures,  such  as  are  pro- 
duced by  a  mixture  of  ice  and  salt,  tlie  gas  condenses  to  a  dark 
orange -colored  liquid,  heavier  than  water  and  very  explosive, 

122.  Chlorous  Acid,  "CljOj,  may  be  obtained  by  deoxidizing 
chloric  acid  by  means  of  nitrous  acid.  When  in  the  anhydrous 
condition  it  is  a  gas  of  a  jello wish-green  color,  liquefiahle  by 
extreme  cold.  It  is  a  dangerous  compound  to  prepare,  since  at 
temperatures  above  57°  it  decomposes,  with  explosion,  into  chlo- 
rine and  oxygen.  It  is  readily  soluble  in  water,  and  the  solution 
possesses  strong  bleaching  and  oxidizing  properties.  It  is  a 
■weaker  acid  than  chloric  acid,  §  124,  but- resembles  it  in  many 
respects.  With  metallio  oxides  it  unites  to  form  compounds 
called  chlorites 

123  H'fpo  hlone  Aetd  ClOj^This  Tei>  explosive  compound 
may  be  prepared  by  gtntij  heatmg  a  mixture  of  chlorate  of 
potassium  and  conceiitrdted  sulphuric  acid.  The  gas  is  of  a 
bright  vclbw  Lolor  and  aromatic  odor  Upon  being  exposed  to 
daylight  or  to  a  temperature  somewhat  biluw  the  boiling-poinC  of 
water,  it  decomposes  into  oxjgen  and  chi  nnc,  the  decomposition 
bcm^  usually  attended  with  explTJion  The  preparation  of  the 
gas  18  dangerous  and  should  never  be  attempted  unless  upon  a 
veiy  small  scale.  At  the  temperature  of  a  mixture  of  ice  and 
salt,  the  gas  condenses  to  a  yellow,  highly  explosive  liquid. 

124.  Chloric  Aeid,  01^0,. — In  the  present  state  of  science  this 
is  the  most  important  of  the  compounds  of  oxygen  and  chlorine. 
It  is  not  known  in  tho  free  state,  and  in  the  hydrated  condition 
has  never  been  obtained  with  less  than  1  molecule  of  water, 
H,O,Cl,0,. 
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When  a  cuwent  of  chlorine  ia  made  to  flow  into  a  cold  dilute  aqueona 
solution  of  caustic  potash,  a  misture  of  hypoclilorite  and  of  chloride  oi 
potessjum  is  produced ; — 

2(KjO,H30)  +  401  =  KjO,ClsO  +  2KC1  +  2H,0,— 
the  reaction  heing  analogous  to  tha,t  between  lime  and  chlorine,  de- 
Bcribed  in  §  120.  But  if  the  conditions  as  to  the  concentration  and 
temperature  of  the  solution  of  potash  be  changed — if,  instead  of  using 
B  dilute  solution,  chlorine  be  passed  into  a  moderately  strong  hot  solu- 
tion of  caustic  potash,  or  of  carbonate  of  potassium,  hypocblorous  acid 
will  no  longer  be  formed,  but  instead  of  it  chloric  acid.  The  reaction 
may  be  expressed  aa  follows : — 

6(Ki,O,H20)  +  12C1  =  KjO,CljO,  +  lOKCl  +  eH^O. 
Chloride  of  potassium  is  formed  as  before,  but  the  remainder  of  iho 
chlorine  is  now  more  highly  oxidized.  Chlorate  of  potassium  is  less 
soluble  than  chloride  of  potassium ;  it  separates  in  flat  tabular  crystals 
after  the  liquid  has  been  concentJated  by  evaporation  and  cooled.  It 
is  the  substance  which  was  employed  for  making  oxygen  in  Exp.  7. 

Chloric  acid  could  he  prepared  directly  from  chlorate  of  potassium  by 
boiling  a  solution  of  this  substance  with  fluosilicic  acid.  An  almost 
insoluble  fluosilicate  of  potassium  would  bo  formed,  and  chloric  acid 
set  iree.  But  an  easier  method  ia  to  first  converi;  the  chlorate  of  potas- 
sium into  chlorate  of  barium,  and  to  liberate  the  chloric  acid  ftom  this 
salt  by  means  of  sulphmic  acid,  with  which  barium  forms  a  remai'kabl}' 
insoluble  compound ; — 

BaO,Cl,0,  +  H20,S0,  =  BaO.SO,  +  Bfifilfi^. 

The  solution  of  chloric  acid  is  separated  from  the  insoluble  sulphate 
of  barium  by  tiltration,  and  concentrated  by  evaporation  over  sulphuric 
acid  in  the  exhausted  receiver  of  an  air-pump.  By  cautious  evapora- 
tion the  acid  may  be  brought  to  a  syrupy  consistence,  but  is  then 
rather  easily  decomposed,  especially  if  it  be  heated  or  exposed  to  light. 
At  the  temperature  of  boiling  it  ia  rapidly  converted  into  perchloric 
acid,  water,  chlorine,  and  oxygen.  It  is  a  strong  acid,  and  a  powerful 
osidiaag  and  bleaching  agent. 

125.  Perckloru;  Acid,  01,0,,  ia  formed,  aa  above  stated,  when 
an  aqueous  solution  of  chloric  acid  is  boiled ;  being  volatile  it  may 
be  distilled  off  and  collected.  A  compound  of  this  acid  and  po- 
tassium, perehlorate  of  potassium,  can  be  obtained  by  heating 
chlorate  of  potassium  to  a  certain  temperature.  Perchloric  acid 
is  a  more  stable  compound  than  either  of  the  other  oxides  of 
chlorine.     The  dilute  aqueous  solution  may  be  concentrated  by 
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eTaporation  over  fire,  even  at  high  temperatures.  The  hydrated 
acid  HjO,Cl,0,  is  a  colorless,  oily  IJi^uid,  which  boils  at  203°, 
and  has  a  specific  gravity  of  1'782.     It  is  a  powerful  oxidizing 

The  student  will  do  well  to  compare  this  series  of  oxides  of 
chlorine  with  that  of  the  oxides  of  nitrogen,  and  to  note  tho 
points  in  which  the  two  series  resemble  and  those  in  which  they 
differ  from  each  other. 


CHAPTER    IX. 


126.  Bromine  is  aa  element  closely  allied  to  chlorine.  It  is 
found  in  small  quantities  in  aea-wator,  and  in  the  water  of  many 
Balino  springs.  1  litre  of  sea-water  contains  from  00143  to 
0-1005  grm.  of  it.  As  it  exists  in  nature  it  is  combined  with 
metals,  bromide  of  magnesium  being  the  compound  most  com- 
monly met  with.  Bromide  of  magnesium  is  a  constituent  of  the 
un cry sLalliz able  residue,  called  bittern,  which  remains  after  the 
chloride  of  sodium  has  been  crystallized  out  from  the  natural 
brines  ;  at  several  saline  springs  this  bittern  contains  so  largo  a 
proportion  of  the  bromide  that  bromine  can  be  profitably  extracted 
from  it.     Most  of  the  bromine  of  commerce  is  thus  obtained. 

In  order  to  obtain  bromine  from  the  bittern,  the  latter  ia  mixed  with 
hl(u^l^  oxide  of  mangacese  and  chlorhydric  acid,  and  heated  in  a  retort. 
Chlorine  is  of  course  evolved  from  these  materials  in  the  midst  of  the 
liquid;  it  reacts  upon  the  bromide  of  magnesium  and  sets  free  bromine, 
which  distils  over  into  the  receiver  asadark-ved,veryheavjhc[uid:^ 
MgBrj  +  201  =  MgClj  +  2Br. 

All  the  metallic  bromides  are  readily  decomposed  by  chlorine,  bro- 
mine being,  as  a  rule,  a  less  energetic  chemical  agent  than  chlorine. 

127.  At  the  ordinary  temperature  bromine  is  a  liquid  of  dark 
brown-red  color,  abont  three  times  as  heavy  as  water,  and  highly 
poisonous.  Its  odor  is  irritating  and  disagreeable,  whence  the 
name  bromine,  derived,  from  a  Greek  word  and  signifying  a 
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etencli.     It  boils  at  about  60°,  but  is  very  volatile  even  at  the 
ordinary  temperature  of  tbe  air. 

■Erp.  66. — By  means  of  a  small  pipette,  throw  into  a  flask  or  bottle, 
of  fli«  capacity  of  1  or  2  litroa  S  or  4  drops  of  bromine  Cover  thp 
bottle  loosely  and  1  ave  it  stand  n^  Jn  a  short  time  it  will  b  1 11  t 
with  a,  red  vapor  which  i3  bro  n  ne  gaa  Th  s  vap  r  is  veri  i  aw 
more  than  five  tunes  as  Hea^j  as  aur  an  I  eighty  times  as  he  vy  as 
hjdrog  n 

At  ibout  7°  bromine  crj^tallizes  m  brittle  jlates  It  d  Ive'' 
sparmgly  in  water  but  la  soluble  n  alcohol  and  m  all  pr  por 
tions  in  ether 

In  its  chcmi  al  behavior  as  w  ell  as  in  m  iny  of  its  pi  ysical 
properties  bromiio  olo^elv  rcsemUci  <.hlotine  Its  afiinity  for 
hydrogen  thou  h  weaker  than  that  of  ehlonne  is  still  power- 
ful Like  chlorine  it  is  in  eneigetic  blea  hing  ■ind  di&intecting 
agent  ani  it  decompoies  the  vai  or  of  water  when  passed  with  it 
thrcugh  a  tube  heated  to  bnght  redness  bromh'vdnc  acid  and 
oxygen  hemg  the  pioducts  of  the  reaction  A  lighted  taper  hnms 
for  an  nstant  in  bromm  vapor  and  is  then  exti  pui  bed  Phos 
phoi  I  ant  mmv  jotassium  and  the  like  tike  hrc  n  b  m^, 
ihrovn  into  bromine  in  the  sime  wa*  as  in  chloiin  i  brora  de 
of  the  other  cl^mpnt  being  produ  ed 

Jixp.  67. — Fit  a  thin  cork  to  a  large,  wide-mouthed  bottle ;  perfo- 
rate the  cork,  and  through  the  hole  pass  a  tube  of  thin  glass  (No.  2) 
closed  at  one  end.  The  tube  should  reach  nearly  to  the  bottom  of  the 
bottle,  and  should  project  two  or  tbree  inches  above  the  cork.  Within 
the  tube  place  a  few  drops  of  bromine ;  throw  in  upon  this  a  very  small 
quantity  of  flnely  powdered  antimony,  and  instantly  cover  the  mouth 
of  the  tube  with  an  inverted  crucible  or  wide-mouthed  phiaJ,  in  order 
that  nothing  may  be  thrown  out  of  the  tube  by  the  violent  action 
which  attends  the  combination.  If  the  tube  be  bi-oken,  its  fragments 
will  be  retained  within  the  bottle. 

Bromine  is  used  to  a  certain  extent  in  medicine,  and  largely  in 
photography.  In  the  chemical  laboratory  it  is  often  employed, 
not  only  for  its  own  sake,  hut  as  a  substitute  for  chlorine ;  for, 
though  less  energetic,  it  is  more  manageable  than  the  latter,  espe- 
cially in  those  cases  where  a  liquid  is  desirable. 

128.  Bronihydric  Acid  (HBr). — In  spite  of  the  strong  alHnitj 
of  bromine  for  hydrogen,  these  elements  cannot  readily  be  made 
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to  unite  directly.  A  mixture  of  equal  volumes  of  hydrogen  and 
bromine  vapor  eannot  be  made  to  combine  with  explosion  by  ex- 
posure to  the  sun's  rays,  or  by  the  introduction  of  a  burning 
lamp,  though  a  certain  amount  of  combination  occurs  in  the  im- 
mediate neighborhood  of  the  flame.  But  by  immersing  in  the 
mixture  a  platinum  wire,  kept  red-hot  by  a  galvanic  current,  the 
two  elements  may  be  made  to  unite  slowly ;  and  a  simUar  result 
is  obtained  by  passing  the  mixed  gasea  through  a  red-hot  tube. 
Bromhydric  acid  gas  can,  however,  be  readily  prepared  by  de- 
composing bromide  of  potassium  with  sulphuric  acid,  or,  better, 
with  a  concentrated  solution  of  phosphoric  acid.  The  reaction  is 
analogous  to  that  in  which  ehlorhydric  acid  is  obtained  from 
chloride  of  sodium: — 

2KBr  +   H^O,SO,   =  K,0,SO,    +  2HBr. 

If  sulphuric  acid  be  employed,  a  secondary  reaction  occurs;  a 
small  part  of  the  bromhydric  acid  suffers  decomposition,  and  the 
product  is  slightly  contaminated  with  free  bromine  and  with 
sulphurous  acid; — 

SUBr   -J-   H,0,S03  =    2K,0    +    2Br    +    SO^. 
Since  phosphoric  acid  does  not  thus  decompose  bromhydric 
acid,  Hie  latter  can  be  obtained  in  a  state  of  purity  by  distiUing  a 
mixture  of  bromide  of  potassium  and  phosphon        d 

129.  Bromhydric  acid  is  a  colorless,  irritat  g  go  whi  h  on 
coming  in  contact  with  the  moisture  of  the  air  fume  n  m  e 
strongly  than  ehlorhydric  acid.  By  powerful  p  essu  e  t  -m  be 
reduced  to  the  liquid  condition,  and  upon  being  exp  ed  to  intense 
cold  it  may  be  obtained  in  the  form  of  a  crystall  ue  s  hd 

It  is  readily  soluble  in  water,  forming  a  str  ngly  a  d  lut  n 
which  resembles  ehlorhydric  acid  in  many  re  p  ta  nd  lil  t 
fumes  in  the  air,  A  ready  method  of  prepann  h  olut  on  s 
to  decompose  a  strong  solution  of  bromide  of  b  num  w  th  sul 
phnrie  acid  diluted  with  its  own  weight  of  wat  The  1  n 
of  the  free  acid  may  then  be  separated  from  the  n  luble  Iphate 
of  barium  by  filtration  or  by  distillation. 

When  the  solution  of  this  acid  is  mixed  with  n  tn  a  d  th  B 
is  obtained  another  aqua  regia  capable  of  dissol    n       M  and^la 
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tinum,  like  the  mixture  of  chlorh-jdric  ani  nitric  acids,  though  less 
readily. 

130.  The  gas  undergoes  no  change  when  passed  through  a 
red-hot  tube  ;  but  it  is  readily  decomposed  by  metals  like  potas- 
sium at  the  ordinary  temperature,  and  by  tin  gently  heated.  A 
bromide  of  the  metal  is  formed  in  either  case,  and  there  remains 
a  volume  of  hydrogen  equal  to  half  that  of  the  original  gas.  Ob- 
servation has  shown  that  the  specific  gravity  of  the  gas  is  very 
nearly  40-5,  or  half  the  sum  of  the  spetific  gravities  of  bromine 
vapor  and  hydrogen.  From  this  fact  and  the  above  decomposi- 
tion of  the  gas  by  metals,  it  follows  that  bromhydrie  acid  is  com- 
posed of  equal  volumes  of  bromine  and  hydrogen  united  without 
condensation. 

131,  Bromic  Add,  HjO,BrjOj, — Only  one  oxide  of  bromine 
has  been  studied,  and  even  this  has  never  been  obtained  free  from 
water.  It  is  bromio  acid,  a  substance  corresponding  to  chloric 
acid  in  composition  and  properties.  Its  compounds,  also,  known 
as  bromates,  generally  resemble  very  closely  the  corresponding 
chlorates. 

Bromate  of  potassium  can  be  obtained  by  the  action  of  bromine  upon 
polash-lje,  in  the  same  way  that  chlorate  of  potassium  is  obtained  by 
the  action  of  chlorine : — 

eCKjCHjO)  +  13Br  =  K  0  Br  0    +  lOKBr  +  6HjO 
The  bromate,  which  is  le^s  sol  ble  than  the  brom  de  can  a  bse- 
quently  be  separated  by  en^tall  zatton      In  order  to  obta  n  the  h; 
drated  acid,  bromate  of  barium  may  be  decomposed  ■with  dilute  sul 
pburic  acid : — 

BaO,BrsOj  +  H  0  "^0  =  BiO  SO  +  II  0  Tr  0, 
The  insoluble  sulphate  of  banum  is  fle[  arated  bj  hltrat  on.  Tl  e 
acid  solution  can  be  concentrated  to  a  certain  extent  by  evaporation 
at  a  gentie  heat,  but  cannot  readily  be  brought  to  a  syrupy  consistency 
without  decomposition.  It  decomposes,  also,  on  being  heated  to  KWj 
and  in  general  gives  up  oxygen  on  being  brought  into  contact  with  sub- 
stances which  readily  combine  with  that  element 

132.  Hypobronwm  Acid,  H,0,Br^O.— There  can  be  no  doubt 
of  the  existence  of  an  osido  of  bromine  corresponding  to  hypo- 
chlorous  acid.  When  bromine  is  added  to  an  excess  of  a  solution 
of  nitrate  of  silver,  a  liquid  of  strong  bleaching-properties  ie 
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obtained,  fi-om  which  a  yellowish,  acid  fluid  may  he  distilled. 
This  distillate  bleaches  strongly,  and  yields,  on  analysis,  numhers 
corresponding  with  the  above  formula.  When  cold  dilute  alka- 
line solutions  are  mixed  with  bromine  they  acquire  a  power  of 
bleaching,  and  in  general  behave  like  the  alkaline  hypochlorites, 
which  are.  formed  under  similar  eonditions.  So  too  when  bro- 
mine-water is  treated  with  red  oxide  of  mercury ;  a  sparingly 
soluble  osybromide  of  mercury  is  formed,  together  with  a  bleach- 
ing liquor  supposed  to  contain  hypohromous  acid. 

The  analogies  which  subsbt  between  chlorine  and  bromine  are, 
however,  everywhere  so  clearly  defined  that  there  is  good  reason 
to  believe  that  other  oxides  of  brotnioe,  corresponding  to  those  of 
chlorine,  wiH  be  sooner  or  later  discovered. 

133.  Chlonde  of  Bromine.- — Liquid  bromine  absorbs  a  large 
quantity  of  ehlorine-gas  .when  the  two  elements  are  brought 
together,  and  there  is  formed  a  veiy  volatile  liquid  called  chloride 
of  bromine.  It  exhales  a  pungent,  irritating  odor,  and  is  soluble 
in  water ;  the  solution  possesses  considerable  bleaching-power. 

134.  Bromide  of  Nitrogen  is  an  explosive  compound  analogous 
to  chloride  of  nitrogen,  from  which  it  may  be  prepared  by  means 
of  bromide  of  potassium. 


CHAPTER   X. 


135.  In  its  chemical  properties  iodine  bears  a  striking  resem- 
blance to  bromine,  and  consequently  to  chlorine  also.  It  exists 
in  sea- water  and  in  the  water  of  many  saline  and  mineral  springs. 
The  proporiion  of  iodine  in  sea-water  is  exceedingly  small,  being 
even  smaller  than  that  of  bromine.  But  iodine  is  obtained  more 
readUj  than  bromine  ;  for  iodine  is  absorbed  from  sea-water  by 
various  marine  plants,  which,  during  their  growth,  collect  and 
concentrate  the  minute  quantities  of  iodine  which  the  soa-water 
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contains,  to  such  an  extent  that  it  can  be  extracted  from  them 
with  profit. 

Upon  the  coasts  of  Scotland,  Irelfind,  and  France,  where  labor  ia 
cheap,  the  sea-weeds  which  contain  iodine  are  collectBd,  dried,  and 
bnmed,  at  a  low  heat,  in  shallow  pita.  The  half-fused  ashes  thus 
obtained,  called  help  or  varec,  contains,  among  other  things,  iodine  in 
the  form  of  iodide  of  sodium  and  iodide  of  potasHium.  It  is  hxiviated 
with  boihag  water,  and  the  solution  is  then  eyaporated  and  set  aside 
to  crystallize.  The  iodides,  being  much  more  soluble  than  the  other 
constituents  of  the  ash,  remain  dissolved  in  the  mother-liquor  after 
most  of  the  other  salts  have  crystallized  out.  If  this  mother-liquor, 
or  iodiiie-lt/e,  be  now  mixed  with  a  small  quantity  of  sulphuric  acid 
and  left  to  itself  for  a  day  or  two,  it  maybe  freed  from  a  further  portion 
of  impurity ;  it  is  then  transferred  to  a  leaden  retort,  mixed  with  a 
suitable  quantity  of  powdered  black  oxide  of  manganese,  and  gently 
heated.  Iodine  ia  set  free,  just  as  chlorine  would  he  from  chloride  of 
sodium  under  similar  circumstances,  and  may  be  collected  in  appro- 

2NaI  +  2{lljfl,SQ^)  +  MnO,  =  NajO.SO,  -|-  MnO,SO^+  211^0  +  21. 

136.  At  the  ordinary  temperature  iodine  is  a  soft,  heavy, 
crystalline  solid  of  bluish-black  color  and  metallic  lustre.  Its 
specific  gravity  ia  4-&48.  It  melts  at  a  temperature  (107°)  a 
little  above  that  at  which  water  boils,  and  boils  at  a  somewhat 
higher  temperature  {n8°-l&0°)  ;  but  in  spite  of  this  high  boil- 
ing-point it  evaporates  rather  freely  at  the  ordinary  temperature 
of  the  air,  and  the  more  rapidly  when  it  is  in  a  moist  condition. 
It  may  be  entirely  volatilized  by  heatinp:  it  upon  writing-paper. 
Its  odor  is  peculiar,  somewhat  resembling  that  of  chlorine,  hut 
weaker,  and  easily  distinguished  from  it.  Its  atomic  weight 
is  127. 

The  vapor  of  iodine  is  of  a  magnificent  purple  color,  whence 
the  name  iodine,  derived  from  a  Greek  word  signifying  violet- 
colored  ;  it  is  very  heavy,  indeed  the  heaviest  of  all  known 
gases  ;  it  is  nearly  nine  times  as  heavy  as  air.  The  specifio  gravity 
of  the  vapor  ia  127. 

Sup.  68. — Hold  a  dry  test-tube  in  the  gas-lamp  by  means  of  the 
wooden  nippers,  and  wann  it  along  its  enfira  lengtli,  in  so  far  as  this 
is  practicable.  Drop  into  the  hot  tube  a  small  fiagment  of  iodine,  and 
observe  the  vapor  as  it  rises  in  the  tube.    If  only  a  small  portion  of 
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the  tube  were  heRted,  the  vapor  would  be  deposited  as  solid  iodine 
upon  the  cold  part  of  its  walls. 

137-  Solid  iodine  is  never  met  with  in  the  amorphous,  shape- 
less state  in  which  glass,  resin,  coal  and  many  other  substances 
ooeur.  No  matter  how  obtained,  its  particles  always  exhibit  a 
definite  crystalline  structure.  If  the  iodine  be  melted  and  then 
allowed  to  cool,  or  if  it  be  converted  into  vapor  and  this  vapor  be 
subsequently  condensed,  crystals  will  be  formed  in  either  ease. 
I'erfect  crystals  can  be  still  more  readily  obtained  by  dissolving 
iodine  in  an  aqueous  solution  of  iodohydric  acid,  and  exposing  this 
solution  to  the  air  in  a  narrow- necked  or  loosely  stoppered  bottle  j 
the  iodohj'drio  acid  will  be  slowly  decomposed  by  the  action  of 
the  atmospheric  oxygen,  and,  as  it  decomposes,  well-defined  crys- 
tals of  iodine  will  be  deposited. 

In  whichever  way  prepared,  the  crystals  of  iodine  are  octahe- 
drons with  a  rhombic  base,  belonging  to  the  crj-stalline  system 
called  trimetric.  As  commonly  seen,  the  crystals  are  thin, 
flattened  tables,  distorted  by  eseessive  elongation  in  one  di- 
rection. 

138.  Iodine  is  scarcely  at  al!  soluble  in  water,  though  enough 
dissolves  t3  impart  a  brown  color  to  the  water  ;  but  it  dissolves 
readily  in  alcohol  and  ether.  These  solutions  are  much  used  in 
medicine,  particularly  the  alcoholic  solution,  which  is  called  tinc- 
ture of  iodine.  When  swallowed  in  the  solid  state,  iodine  acts  as 
an  energetic  corrosive  poison ;  but  several  of  its  compounds,  and 
the  element  itself  when  taken  in  small  doses,  are  highly  prized 
as  medicaments.  It  is  also  lai^ely  employed  in  photography,  and 
is  a  useful  reagent  in  the  chemical  laboratory. 

139.  As  has  been  already  stated,  iodine,  in  its  chemical  beha- 
vior, resembles  chlorine  and  bromine,  only  its  affinities  are  more 
feeble.  It  enters  into  combination  with  less  energy  than  either 
of  these  elements,  and  is  displaced  by  them  from  most  of  its  com- 
binations. Like  them,  it  unites  directly  with  the  metals  and  with 
several  other  elements.  It  gradually  corrodes  organic  tissues, 
and  destroys  coloring-matters,  though  but  slowly.  No  oxygen  is 
given  off  from  the  aqueous  solution  when  this  is  exposed  to  sun- 
light ;  but  the  color  of  the  sohition  slowly  disappears,  and  a  mix- 
ture of  iodohydrie  and  iodic  acids  is  formed  in  it. 
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A  singular  property  of  ioiJine  is  its  power  of  forming  a  blue 
compound  with  starch. 

Exp,  69. — Prepare  a  quantity  of  thin  atarch-pastebj  boiling  30  c.  c. 
of  water  in  a  porcelain  dish,  and  stirring  into  it  0'5  grm.  of  starch 
which  has  previously  been  reduced  to  the  consistenca  of  cream  by 
rubbing  it  in  a  mortar  with  a  few  drops  of  water. 

Pour  3  or  4  drops  of  the  paste  into  10  c  c.  of  water  in  a  f*st-tube 
and  shake  the  mixture  bo  that  the  paste  may  be  equably  ditiiised 
through  the  water ;  then  add  a  drop  of  an  aqueous  solution  of  iodine, 
and  observe  the  beautifiil  blue  color  which  the  solution  assumes.  If 
the  solution  be  heated  the  blue  coloration  wiU  disappear,  but  it  reap- 
pears when  the  hquid  is  allowed  to  cool. 

Dip  a  strip  of  white  paper  in  the  starch-paste  and  suspend  it,  while 
stil!  moist,  in  a  large  bottle,  into  the  bottom  of  which  two  or  three 
crystals  of  iodine  have  been  thrown.  As  the  vapor  of  iodine  slowly 
diffijaes  through  the  lur  of  the  bottle  it  will  at  last  come  in  contact 
with  the  starch,  and  after  some  minutes  the  paper  will  be  colored 

This  reaction  fiirnishes  a  very  delicate  test  for  iodine.  By  its 
means  it  has  been  proved  that  iodine,  though  novhere  very  abun- 
dant, is  very  widely  distributed  in  nature ;  traces  of  it  have  been 
detected  in  land  plauts,  and  in  many  well,  river,  ^nd  spring 
waters,  also  in  rain-water,  and  even  in  the  air ;  indeed  it  would 
be  difficult  to  say  where  iodine  is  not. 

In  order  that  it  may  be  detected  by  this  test,  the  iodine  must 
be  free  or  uncombined.  But,  as  has  been  stated,  chlorine  readily 
expels  iodine  from  most  of  its  combinations.  In  case,  then,  we 
have  reason  to  suspect  the  presence  of  a  compound  of  iodine 
(iodide  of  potassium,  for  example)  in  any  substance,  a  small  quan- 
tity of  chlorine- water,  or  of  some  other  agent  capable  of  expelling 
iodine,  must  be  added  to  this  substance.  Once  displaced  from 
its  combination,  the  iodine  may  be  at  once  detected  by  means  of 
atarch. 

Exp.  70. — Place  in  a  t«Bt-tube  10  c.  c.  of  water,  a  drop  of  concen- 
trated aqueous  solution  of  iodide  of  potassium,  and  3  or  4  drops  of  the 
starch-paste  of  Exp.  69.  If  the  iodide  of  potassium  be  pure,  no  colo- 
ration will  occur.  Add  now  2  or  3  drops  of  chlorine- water,  and  shake 
the  tube.     The  characteristic  blue  coloration  at  once  appears. 

In  order  to  illustrate  the  extreme  delicacy  of  this  reaction,  dissolve 
0'14  grm.  of  iodide  of  potas^um  in  1  litre  of  water,  and  to  this  solu- 
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tiou,  which  contains  1  part  of  iodine  in  10,000  parts  of  water,  add  some 
of  the  starch-pnste  and  several  drops  of  red  fuming^  nitric  acid,  a  re- 
agent on  some  accounts  hettar  fitted  than  chlorine  to  disengage  iodine 
in  this  experiment  (stje  §  150).  After  a  time  the  solution  will  exhibit 
the  blue  color,  tboug-k  in  solutions  so  dilute  as  this  it  sometimes 
happens  that  the  coloration  apprars  only  after  the  lapse  of  several 

It  follows,  -of  course,  from  the  foregoing  expenment,  that  the 
reaction  of  lodme  upon  starch  cau  be  U'lOd  as  a  test  for  those 
substances  which,  like  chlorme  or  nitnc  acid,  are  capable  of  set- 
ting free  iodine,  as  well  as  for  iodine  itself.  In  the  chemical 
laboratory  it  is  customary  to  keep  on  hand  for  this  purpose  a 
stole  of  paper  upon  vhich  has  been  spread  a  mixture  of  starch- 
paste  and  iodide  of  potassium,  prepared  as  follows  . — 

.Erp.  71. — Dissolve  0-5  grm.  of  pure  iodide  of  potassium  (free  from 
iodftte)  in  100  c.  c.  of  water ;  boil  Ihis  solution  in  a  porcelain  dish  and 
stir  into  it  5  grms.  of  finely  powdered  starch,  taking  caro  not  to  bum 
theatarch,  and  stirring  until  tlie  mass  gelatinizes.  Kemove  the  lamp, 
allow  the  paste  to  become  cold,  and  by  means  of  a  wooden  spatula 
spread  it  thinly  upon  one  side  of  white  glazed  paper.  The  paper  is 
ttien  dried,  cut  into  strips  about  8  cm.  longp  by  2  wide,  and  preseiTcd 
in  stoppered  bottles  kept  carefully  closed. 

Exp.  72. — Place  in  a  test-tube  a  small  quantity  of  binoside  of  nian- 
ganesa,  pour  upon  it  4  or  5  c.  e.  of  chlorhydric  iicid,  heat  the  mixture, 
and  hold  at  the  top  of  the  tube  a  moistened  strip  of  the  test-paper 
which  waa  prepared  in  the  preceding  experiment.  The  chlorine  evolved 
by  the  reaction  of  the  chlorhydric  acid  upon  t!ie  binoxide  of  manga- 
nese sets  free  iodine  from  the  iodide  of  potassium  upon  the  test-paper, 
and  the  starch  is  thereby  coloured  blue.  The  presence  of  chlorine  in 
chlorhydric  acid  ia  thus  made  apparent.  By  this  test  we  might  dis- 
criminate, for  example,  between  dilute  nitric  and  chlorhydric  acids. 

140,  Jodohydi-ic  Acid  (HI).  —  Hydrogen  and  iodine  do  not 
readily  unite  together  directly.  There  is  here  nothing  Xo  recall 
the  explosive  violence  with  which  chlorine  and  hydrogen  com- 
bine. Sunlight  has  no  power  to  bring  about  the  union  of  the 
two  elements  at  the  ordinary  temperature  ;  hut  when  a  mixture 
of  hydrogen  gas  and  iodine  vapor  is  passed  through  a  red-hot 
tube,  iodohydric  acid  is  formed.  It  has  been  observed,  also,  that 
spongy  platinum  will  cause  the  union  of  the  two  elements  even  at 
ordinary  temperatures.     Even  when  indirect  methods  are  resorted 
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to.  It  is  less  easy  to  prepare  iodohydric  acid  than  ehlorhydric  or 
bromhydric  acids. 

If  iodide  of  scdium  be  distilled  with  siilphnric  acid,  flere  will  be 
obtained  but  little  iodohjdric;  acid ;  for  most  of  that  which  ia  produced 
lit  first  will  be  subsequently  destroyed  by  the  action  of  sulphuric  acid, 
in  the  same  way  as  happens  to  a  less  extent  with  bromhvdiic  acid, 
S  128. 

As  fast  as  iodohydric  acid  is  formed  in  accordance  with  the  reaction 
2NaI  +    HjSO^  =  Na^SOj  +  SHI, 
most  of  it  is  decomposed  by  another  portioa  of  sulphuric  acid,  in  a 
manner  which  may  be  thus  represented ; — 

2HI  +  H3SO,  =  311,0  +  SO,  +  21. 
Solutions  of  iodohydric  acid  can,  however,  be  readily  obtained  by  the 
action  of  iodine  upon  a  compound  of  sulphur  nnd  hydrogen,  called 
aulphydric  acid.  In  practice,  a  current  of  sulpbydric  acid  gas  is  made 
to  pass  throug-h  water  in  which  finely  divided  iodine  is  kept  suspended 
by  apfation.  The  sulphydric  acid,  the  formula  of  which  is  IIjS, 
reads  upon  21,  and  there  is  formed  2HI  and  free  sulphur,  which  is 
deposited. 

A  solution  of  iodohydric  acid  may  also  be  obtfuned  by  distilling  a 
mixture  of  iodine,  phosphorus,  and  much  water,  in  which  case  the 
phosphorus  unites  with  the  oxygen  of  a  portion  of  the  water,  while 
tie  iodine  takes  the  hydrogen.  Or  it  may  be  prepared  by  decompo- 
Mng  an  aqueous  solnfion  of  iodide  of  barium  with  an  equivalent  quan- 
tity of  dilule  sulphuric  acid,  and  filtering  off  the  solution  from  the 
insoluble  sulphate  of  barium. 

141.  The  dilute  acid  obtained  by  either  of  these  methods  can 
be  concentrated,  by  evaporation,  to  a  liquor  of  17  specific  gravity, 
boiling  at  127°,  and  composed  of  one  molecule  of  iodohydric  acid 
united  with  11  molecules  of  water.  The  aqueous  solution  has 
a  sour,  suffocating  odor,  and  pungent  acid  taste.  When  concen- 
trated it  fumes  strongly  in  the  air.  It  cannot  be  long  preserved 
when  exposed  to  contact  with  the  air,  for  the  oxygen  of  the  air 
unites  with  its  hydrogen,  and  iodine  is  set  free.  At  first  this  iodine 
dissolves  in  that  portion  of  the  iodohydric  acid  which  has  not  yet 
been  decomposed;  but  after  the  acid  has  become  saturated,  crystals 
of  iodine  are  deposited,  as  has  been  stated  in  §  137.  The  decom- 
position of  iodohydric  acid  is  so  rapid  that  the  pure,  colorless  so- 
lution of  it  becomes  red  from  separation  of  iodine  after  a.  few 
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hours'  exposure  to  the  air,  no  matter  whcthor  it  ho  minute  or 
concentrated.  The  easy  dccompositon  of  this  acid,  shows  cleai'ly 
with  how  miieh  leas  force  hydrogen  liolds  iodine  ia  combination 
than  it  holds  either  chlorine  or  bromine. 

142.  The  usual  method  of  preparing  anhydrous  iodohydric 
acid  is  as  follows  : — 

In  the  bottom  ol  a  test-tube  place  a  misture  of  9  parts  of  iodine  and 
1  part  of  phosphorus.  Cover  the  mixture  with  coarsely  powdered 
glass,  and  bring  about  chemical  union  between  the  iodine  and  the 
phosphorus  by  gently  heating  them.  Place  now  a  few  drops  of  water 
in  the  tube,  and  connect  with  it  a  gas  delivery-tube  by  means  of  a 
caoutchouc  stopper.  Iodohydric  acid  wiU  be  iramedialely  given  oflj 
and  may  be  collected  by  displacement. 

Another  method  is  to  pack  a  test-tube  with  alternate  layers  of  phos- 
phorus, iodine,  and  moistened  glass-powder,  and  then  to  gently  heat 
the  tube.  The  operation  depends  upon  the  formation  of  an  iodide  of 
phosphorus  and  the  aubseqiient  decomposition  of  this  body  by  contact 
with  water  into  iodohydric  acid  and  a  compound  of  phosphorus,  oxygen, 
and  water,  called  hydrated  phosphorous  acid ; — 

2PI,  +  6H,0  =  6HI  +  3HjO,P,Oj. 

143.  Iodohydric  acid  is  a  colorless,  acid  gas,  of  suffocatiog 
odor ;  it  fumes  strongly  in  the  air,  and  is  very  soluble  in  water. 
It  can  be  liquefied  rather  easily  by  pressure,  and  solidified  at  —51° 
to  a  colorless  mass  like  ice.  The  gas  is  more  tian  four  times  as 
heavy  as  air,  its  speciflc  gravity  having  been  fouod  by  observa- 
tion to  be  04-11.  From  this  fact,  taken  iu  connexion  with  the 
striking  analogy  -which  the  compound  bears  to  bromhydric  and 
chlorhydric  acids,  it  follows  that  the  gaa  is  composed  of  equal 
volumes  of  iodine  vapor  and  hydrogen  united  without  condensa- 
tion ;  for  the  theoretical  density  of  a  gaa  thus  composed  would  be 
(127-1-1)4-2=64,  a  number  with  which  the  observed  specific 
gravity  closely  agrees.  The  chemical  effect  of  the  small  propor- 
tion of  hydrogen  contained  in  iodohydric  acid  is  most  remark- 
able. Only  y^,  or  less  than  1  per  cent,  of  iodohydi-ic  acid  is 
hydrogen,  yet  this  very  smaD  proportional  quantity  of  hydrogen 
is  competent  to  impart  an  entirely  new  set  of  properties,  both  to 
the  iodine  and  the  hydrogen ;  the  acid  bears  no  resemblance  to 
either  of  its  constituents. 

144.  Iodohydric  acid  is  a  compound  which  decomposes  easily. 
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When  a  mixture  of  the  gas  and  oxygen  is  passed  through  a  red- 
hot  tube,  water  and  free  iodine  are  the  products.  Chlorine  and 
broniine  abstract  hydrogen  from  it,  and  leave  iodine  free  ;  and 
the  same  effect  is  produced  by  many  oxygen  compounds  which 
readily  part  with  oxygen.  With  many  of  the  metals  it  forms 
iodides,  while  hydrogen  is  set  free  ;  and  it  reacts  upon  most  of  the 
metdllie  oxides  form  ng  vdei  and  i  metallic  iodide. 

Thjugh  the  hjdr  gea  otiodDh\dnc  acid  ia  readily  removed  by 
means  of  oxygen  in  numerous  instances,  it  appears,  upon  the 
other  hand  that  iodine  can  alitiact  hydrogen  from  most  of  its 
combinations  with  the  oth  i  tkments.  Only  oxygon,  chlorine, 
bromine  and  an  element  (still  to  be  studied)  called  fluorine,  ex- 
hibit a  stronger  tondeiicy  than  it  to  unite  with  hydrogen.  Iodine 
sepaiates  hydrogen  from  its  compounds  with  nitrogen,  sulphur, 
and  ph  jsphorus  indfrDm  many  organic  compounds,  such  as  alco- 
hol and  ether,  iodohydric  acid  being  formed  in  each  case. 

145,  Compounds  of  lodme  and  Oanjgen. — Of  the  compounds  of 
iodine  and  oxygen,  only  two  have  as  yet  been  carefully  studied. 
These  correspond  respectiyely  to  chloric  and  perchloric  acida. 
Compounds  analogous  to  hypochlorous  and  hypochlorio  acids  ap- 
pear to  exist,  but  have  not  been  described  with  much  accuracy. 

146.  lodie  acid  (1^0,)  may  be  obtained  directly  by  oxidizing 
powdered  iodine  with  monohydrated  nitric  acid  at  a  moderate 
heat.  After  all  the  iodine  has  disappeared,  and  the  excess  of 
nitric  acid  employed  has  been  cyaporated,  iodic  acid  will  be  left 
as  a  white  residue. 

Iodic  acid  is  readily  soluble  in  water,  and  crystollizca  from  an 
acidulated  solution  in  colorless,  six-sided  tables,  of  the  formula 
EIOj  or  HjO,IjO,.  It  has  a,  peculiar  odor,  and  acid,  disagreeable 
taste.  At  the  temperature  of  170°,  water  is  given  off  and  the 
anhydrous  acid  remains.  This  melts  upon  being  heated  more 
strongly,  and  suffers  decomposition. 

Iodic  acid  readily  gives  up  oxygen  to  many  other  substances, 
or,  in  other  words,  it  is  easily  decomposed  by  reducing-agents ; 
for  example,  when  mixed  with  iodohydric  acid  it  reacts  upon  it 
with  formation  of  water  and  deposition  of  iodine: — 

lOHI   +   1^0,   =   5H^0  +  121. 
All  of  the  metals  are-oxidized  by  it,  excepting  gold  and  platinum. 
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With  metaJlio  oxides  it  forms  compounds  called  iodates,  which  are 
analogous  to  the  corresponding  chlorates  and  bromates  in  eom- 
poaition  and  properties. 

147.  Periodic  acid  (1,0,)  may  he  prepared  by  passing  chlorine 
gas  through  a  solution  of  iodate  o£  sodium  mixed  with  caustic 
soda.  Chloride  of  sodium  and  basic  pcriodate  of  sodium  will  hfl 
formed,  and  the  latter,  being  sparingly  soluble  in  water,  will  he 
deposited  in  crystals  : — 

Na^O,I^O,  +  3(lfa^O,H.O)  +  4Cl=2rrap,r,0,+4Naa+  3Hp. 
If  now  the  sodium,  salt  be  collected  and  dissolved  in  water,  and 
the  solution  he  mixed  with  nitrate  of  lead,  a  periodate  of  lead 
will  be  obtained ;  this  may  be  decomposed  by  means  of  dUuto 
sulphuric  acid  into  periodic  acid  and  insoluble  sulphate  of  lead. 
The  latter  may  then  be  separated  by  filtration,  and  the  clear  so- 
lution of  the  acid  finally  concentrated  by  evaporation. 

From  the  concentrated  aqueous  solution  periodic  acid  separates 
in  colorless  hydrated  crystals,  which,  upon  being  carefully  heated, 
give  off  water  and  yield  as  a  residue  the  anhydrous  acid  I  0.. 
At  a  still  higher  temjierature,  the  anhydrous  acid  decomposes 
and  gives  off  oxygen.  It  is  decomposed  also  by  reducing -agents 
in  the  same  way  as  iodic  acid. 

The  other  compounds  of  iodine  and  oxygen  have  but  little  in- 
terest for  us,  except  that  they  serve  to  increase  the  number  of 
analogies  which  subsist  between  iodine,  bromine,  and  chlorine. 

148.  Iodide  of  MtrogenC?).— There  appear  to  be  a  number  of 
compounds  which  have  hitherto  been  usually  classed  under  this 
title.  They  are  produced  by  the  action  of  ammonia  upon  iodine, 
and  are  mosUy  of  a  highly  explosive  character,  though  their  pro- 
perties and  composition  vary  to  a  certain  extent  according  to  the 
mode  of  their  preparation. 

Exp.  73.— Place  0-2S  gna.  of  finely  powdered  iodine  in  a  porcelain 
capsule,  and  pour  upon  it  so  much  concentrated  ammonia^water  that 
the  iodine  shall  be  somewhat  more  than  covered;  allow  the  mixture 
to  stand  during  15  or  20  minutes,  when  an  insoluble  darli-brown 
powder  will  be  found  at  the  bottom  of  the  liquid.  This  powder  is  the 
80-cftlled  iodide  of  nitrogen.  It  sbould  be  collected  upon  two  or  three 
very  smaO  flltors  and  well  washed  with  cold  water.  Remove  the 
filters,  together  with  their  contents,  from  the  ftmnels,  pin  them  npon 
bits  of  boajd,  and  leave  them  to  dry  spontaneously. 
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As  Koon  Rs  the  powder  has  become  thoroughly  dry  it  will  explode 
upon  heing  ruhbfid,  even  with  a  feather,  or  jarred,  as  by  the  shutting 
of  a  door,  or  by  a  blow  upon  the  wall  or  table.  Though  incomparably 
less  dangerous  than  chloride  of  nitrogen,  and  therefore  better  suited 
than  the  chloride  to  illustrate  the  explosive  character  ofthis  obscure 
class  of  nitrogen  compounds,  iodide  of  nitrogen  must  nevertheless  be 
handled  with  great  care,  and  should  never  be  prepared  by  the  student 
except  in  veiy  small  quantities. 

149,  Chlorides  of  Iodine.— loAiua  combines  directly  with  chlo- 
rine in  several  proportions,  a  protochloride,  ICl,  and  a  terohloride, 
TClj,  being  the  best-known,  of  these  compounda. 

The  protochloride  is  obtained  by  passing  dry  chlorine  over  dry 
iodinp,  the  current  of  chlorine  being  checked  at  the  moment  when  all 
the  iodine  has  become  liquid.  Or  it  may  be  made  by  distilling  iodine 
with  chlorate  of  potassium,  and  collecting  tlie  product  in  a  cooled 

3KCIO3  +  21  =  EClO,  -I-  KIOj  +  KCl  +  20  +  ICl. 
Protochloride  of  iodine  is  a  reddish-brown,  oilyliqjaid,  volatile,  irrita- 
ting, and  of  penetrating  odor.     It  decolorizes  litmus  and  indigo,  but 
does  not  give  a  blue  color  with  starch. 

The  terchloride  may  he  produced  by  treatfcg  iodine  with  an  excess 
of  chlorine  gaa,  or  by  acting  upon  anhydrous  iodic  acid  with  dry 
chlorhydric  acid  gas ; — 

IgOj  +  lOHCI  =  2I0I,  +  6HjO  -f-  4CL 
It  is  a  yellow  crystalline   solid,  melting  at  2{y-25°.     It   acts  upon 
other  substances  in  the  same  manner  as  the  protochioiide ;   like  the 
protochloride,  it  decolorizes  indigo  and  does  not  turn  starch  blue. 

150,  A  knowledge  of  the  properties  of  the  chlorides  of  iodine  is 
of  some  practical  importance,  since  they  are  liable  to  be  formed 
incidentally  in  several  chemical  processes,  which  their  presence 
perturbs.  Thus,  in  the  mMiufacture  of  iodine,  aa  described  under 
§  135,  the  iodine-lye  almost  always  contains  a  certain  proportion 
of  chlcaide  of  sodium.  It  is  evident  that  if  the  chlorine  in  this 
eompound  were  to  be  evolved  at  the  same  time  as  the  iodine  by 
the  action  of  the  black  oxide  of  manganese  and  sulphuric  acid, 
there  wouldbe  formed  a  quantity  of  the  very  volatile  protochloride 
of  iodino,  which  would  escape  condensation.  Whatever  of  iodine 
was  thus  combined  with  chlorine  would  bo  lost  to  the  manufacturer. 
But,  as  has  been  repeatedly  stated,  iodine  ie  an  element  which 
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can  be  much  more  readily  expelled  from  its  combinations  than 
chlorine  ;  an^  in  the  case  in  point  it  is  found  that  the  iodine  in 
the  mixture  of  iodide  of  sodium  and  chloride  of  sodium,  whioh 
the  iodine-lye  contains,  will  all  come  off  hefore  the  chlorine,  if 
the  distillation  be  slowly  conducted.  If,  through  irregular  heat- 
ing, any  portion  of  the  contents  of  the  retort  should  become  hotter 
than  the  rest,  and  ao  lose  all  its  iodine,  chlorine  would  he  discn- 
gaj^ed  from  that  portion,  and  would  unite  with  the  vaporized 
iodine  which  fills  the  retort.  To  easure  the  necessary  slow  and 
equable  heat,  the  retort  is  set  upon  a  stove  snitable  for  the 
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maintenance  of  a  slow  fire,  and  is  provided  with  an  agii 
meaoa  of  which  its  contents  njay  be  continually  stirred. 

Again,  in  testing  for  iodine,  as  in  Exp.  70,  chlorine  is  a  far 
less  convenient  agent  for  setting  free  the  iodine  from,  its  combi- 
nations than  fuming  nitric  acid ;  for  if  the  slightest  excess  of 
chlorine  be  employed,  the  iodine  will  all  be  converted  into  chlo- 
ride of  iodine,  and  the  starch  will  not  bo  colored  blue. 

151.  Bromides  of  Iodine. — ^There  are  two  compounds  of  bro- 
mine and  iodine,  and  their  properties  are  analogous  to  those  of 
the  chlorides  of  iodine. 

152.  Chlorine,  bromine,  and  iodine  constitute  one  of  the  most 
remarkable  and  best-defined  natural  groups  of  elements-  Whether 
we  regard  the  nnoombined  elements  or  their  compounds,  it  is  im- 
possible not  to  be  struck  with  the  close  analogies  which  subsist 
between  them.  With  hydrogen,  all  of  these  elements  unite  in  the 
proportion  of  one  volume  to  one  volume,  without  condensation,  to 
form  acid  compounds  extremely  soluble  in  watisr  and  possessing 
throughout  analogous  properties. 
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With  oxygen  each  of  them  forms  a  powerful  acid  containing  five 


=   1      HCl      1 
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atoms  of  oxygen,  besides  divers  other  compounda  of  obvious  like- 
ness. The  compounds  furnished  hy  their  union  with  any  one 
metal  are  always  isomorpbous  (like -formed);  the  chloride,  bromide, 
and  iodide  of  potassium,  for  example,  all  crystallizo  in  cubes. 
With  nitrogen  thei  ill  f  Drm  explosive  comf  ouiids  Many  similar 
analogies  ■will  ie  made  minifest  is  w  prccced  to  study  the  other 
elements,  and  then  c  mjMunds  with  this  clilonne  group 

There  is  a  disfinet  fimily  resemblance  between  these  three 
elements  as  legards  their  physicJ  as  well  as  their  chemical  cha 
racteristics ;  but,  m  all  their  properties  a  distinct  p  ogressi  a. 
is  ohserrable  from  chlonne  through  hronme  to  iodine  At  the 
ordinary  temperxture  chlonne  is  a  gas  bromine  i  hquid  and 
iodine  a  solid  though  at  temperatures  not  widely  apait  they  are 
all  known  in  the  gaseous  and  li  juid  states  Tho  ^pecihc  giavitv 
of  bromine  vapDr  is  greater  than  that  of  chlonne  and  that  of 
iodine  greater  than  that  of  bromme  Chlcime  gas  is  yellow,  the 
vapor  of  bromine  is  reddish  brown,  tiiat  of  iodine  viokt.  bo  with 
all  their  other  properties, — chlorine  will  bo  at  one  end  of  the 
scale,  iodine  at  the  ot)ior,  while  bromine  invariably  occupies  the 
intermediate  position. 

The  properties  of  many  of  the  compounds  of  chlorine,  bromine, 
and  iodine  exhibit  a  similar  progression  as  we  pass  from  the 
chlorine  compounds  to  those  of  iodine.  For  example,  the  specific 
gravity  of 

Chlorhydric  acid  gas  is    .    <     ,     .     .     ,     18'2 

Bromhvdric  „  40 '5 

lodohydric  „  64-0 

Chlorhydric  acid  can  be  liquefied  at  about  —80%  and  has  not  yet 
been  solidified.  Bromhydiic  acid  liquefies  at  about  —  60°,  and 
sohdifles  at  about  —92°.  lodoliydrio  acid  liquefies  at  about 
—40°,  and  solidifies  at  about  —50°. 

Chlorhydric  acid  is  a  more  enei^etie  acid  than  bromhydric, 
nd  b  mhydric  acid  is  more  powerful  than  iodoliydric.  The 
aq  lution.  of  chlorhydric  acid  can  he  kept  without  change 

n  nt  with  air ;  that  of  bromhydric  acid  becomes  colored 
aft  wl  le,  from  separation  of  bromine  ;    but  the  solution  of 

d  h  d      acid  decomposes  rapidly,  and  much  iodine  is  deposited. 

As      g    da  the  relative  chemical  power  of  these  elements,  it 
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has  already  been  shown  that  the  intensity  of  this  force  becomes 
less  aa  we  descend  from  chlorine  to  iodine.  It  ia  easy,  for  ex- 
ample, to  displace  iodine  from  its  compounds  by  means  of  bromine, 

Wal  +  Br  =  JfiiBr  +  I, 
and  eijiially  easy  to  displace  bromine  from  its  combinations  by 
means  of  chlorine, 

NaBr  +  a  =  RaCl  +  Br. 

153.  It  is  an  important  principle,  borne  out  by  most  of  the 
other  groups  of  elementa,  and  emphatically  true  of  the  natural 
family  now  under  consideration,  that,  with  kindred  elemdiits,  the 
chemical  power  of  each  is  great,  in  comparison  with  that  of  the 
related  elements,  in.  proportion  as  its  atomic  weight  is  low. 

Among  the  members  of  a  natural  chemical  group,  chemical 
energy  seems  to  be  ihversely  proportional  to  atomic  weight.  Thus 
the  atomic  weight  of  chlorine  is  35'5,  that  of  bromine  80,  and  that 
of  iodine  127,  while  the  chemical  energy  of  these  elements  fol- 
lows the  opposite  order, 

154,  It  is  noteworthy  that  elements  of  like  character  almost 
always  occur  associated  with  one  another  in  nature.  Bromine 
and  iodine  are  always  found  in  company  wilh  chlorine.  That 
this  should  be  so  is  in  nowise  surprising.  Those  elements  which 
are  similar  in  character  and  piopcrties  must  necessarily  he  simi- 
larly acted  upon  by  the  natural  forces  to  which  thej-  are  exposed, 
and  must  therefore  inevitably  tend  to  be  gathered  or  deposited 
in  like  places  under  like  conditions. 


CHAPTEE  XL 


165.  There  is  another  substance,  caUed  fluorine,  which  is  closely 
analogous  to  chlorine.  This  element  cannot  be  readily  obtained 
in  the  free  state,  and  scarcely  anything  is  known  of  it  in  that 
condition.     Special  interest  attaches  to  it  upon  this  very  account, 
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and  many  &aitiess  efforts  to  isolate  it  have  been  made.  Of  all  the 
elements,  it  appears  to  have  the  strongest  tendency  to  enter  into 
ehemical  combination  ;  at  all  events  it  is  the  most  diffioult  to  ob- 
tain, and  to  keep,  in  the  free  and  uncombined  condition. 

It  is  not  only  difScult  to  expel  fluorine  from  tho  minerals  in 
which  it  is  found  in  nature,  but  on  being  set  free  from  one  com- 
pound it  immediately  attacks  whatever  substance  is  nearest  at 
hand,  and  so  enters  into  a  new  combination.  Hence  it  is  well- 
nigh  impossible  to  collect  it.  It  destroys  at  ouce  glass,  porcelain, 
and  metal,  the  materials  from  which  chemical  apparatus  is  usually 
constructed.  Vessels  made  of  the  mineral  fluor-spar  (a  compound 
of  fluorine  and  calcium),  are  the  only  ones  which  have  as  yet 
been  found  capable  of  withstanding  its  action.  By  operating  in 
such  vessels  a  small  quantify  of  impure  fluorine  gas  appears  to 
have  been  leally  obtained  but  the  process  is  difficult  expensive 
and  not  unit  rmly  sucee^'sful  Little  or  no  doubt  however  is 
entertained  as  to  the  general  nature  of  flu  line  siul*  its  com 
pcunls  aie  closely  analogous  in  many  respects  to  tho  corr  spend- 
ing compounds  c£  uhlorme  brtmine  and  iodine 

The  SI  mbol  of  fluorine  is  PI  Its  atomic  weight  i^  19  It 
occurs  toleiibly  atundantly  m  nature  as  flucnde  of  caloium 
(CaFlj)  in  the  mineral  known  as  fluov  spar  Small  ijuantifies 
of  fluoni  e 'He  tound  al  o  in  several  other  minerals  miegetible 
and  animal  substances  particularly  m  bone''  and  tiiee^  of  it 
oc  ir  m  sea  water  ind  m  various  rocks  and  soils  It  lyjcara 
to  be  almost  as  widely  diiaemmated  js  iodine  Iho  igh  fr  m  the 
lick  of  dtlicite  tests  for  fluorint  it  i**  far  leaf  rpadil\  d  ttoted 
Of  late  years  a  considerable  mn  e  of  a  fluonne  mintrj.1  ailed  crvo 
lite(fluonde  of  sodium  and  aluminum)  has  been  worke  J  nGr  en 

156.  Fluorhjdr!e  Acid (RFiy—yfifhhydirogen,  fluorine  forma 
a  powerfid  acid  corresponding  to  chlorhydric  acid  and  the  other 
hydrides  of  the  chlorine  group.  It  is  a  more  energetic  acid  than 
either  of  these,  but  is  specially  characteiized  by  its  corrosive 
action  upon  glass.  It  may  be  readily  prepared  by  distilling 
powdered  fluor-spar  with  strong  sulphiinc  acid;  the  reaction 
being  analogous  to  that  which oceura  when  common  salt  is  treated 
n-ith  snlphui-ic  acid  :— 
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CaFl,  +  H,SO.  =CaSO,  +  2HF1. 
Since  the  acid  rapidly  corrodes  glass,  the  process  must  be  coa- 
ducted  in  metallic  vessels.     Ordinarily,  retorts  of  lead  or  platinum 
are  emplojed,  and  the  distillate  is  collected  in  receivers  made  of 
the  same  metals,  and  carefully  cooled  by  means  of  ice. 

157.  The  product  of  the  distillation  is  a  very  volatile,  colorless 
liquid,  a  little  heavier  than  water.  It  is  strongly  acid,  emits 
copious  white  and  highly  suffocating  fumes  in  the  air,  boils  at 
15°,  and  remains  unfrozen  at  —20°.  On  account  of  its  Oi 
power,  this  substance  is  highly  dangerous  ;  if  any  of  it  Ii 
to  come  in  contact  with  the  skin,  wounds  are  produced  which  are 
very  dilflcult  to  heal;  a  single  drop  of  it  is  sufficient  to  occasion 
a  deep  and  painful  sore.  In  preparing  the  acid,  special  provision 
must  he  made  for  carrying  away  from  the  operator  any  fumes 
which  may  escape  condensation. 

The  acid  may  be  kept  in  bottles  made  of  lead  or  silver,  or  of 
gutta  percha,  substances  upon  which  it  has  no  action.  It  unites 
with  water  with  gi'eat  avidiLj',  so  much  heat  being  evolved  that 
a  hissing  noise  is  produced,  as  if  a  bar  of  red-hot  iron  had  been 
immersed  in  the  water.  In  its  concentrated  form  the  acid  has  a 
specific  gravity  of  1-001,  but  on  the  addition  of  a  certain  amijunt 
of  water  the  density  increases  to  1-15,  a  de^Jte  hydrate 
(ELFl+SHp)  being  formed,  which  boils  at  120°,  and  may  be 
distilled  unchanged.  The  further  addition  of  water  to  this  hy- 
drate is  attended  with  a  regular  decrease  in  density. 

According  to  some  chemists,  the  liquid  acid  obtained  as  above 
described  is  not  anhydrous.  It  is  asserted  that  if  it  be  distilled 
with  an  excess  of  anhydrous  phosphoric  acid  (a  substance  which 
has  a  vei-y  strong  affinity  for  water),  the  anhydride  will  be  set 
free  in  the  form  of  a  colorless,  extremely  irritating  gas. 

158.  Upon  metals  and  metallic  oxides,  flnorhydric  acid  acts 
like  chlorhydric  acid,  only  more  powerfully ;  but  its  most  striking 
peculiarity  is  its  action  upon  silica  and  the  compounds  of  silica, 
such  as  glass  or  porcelain.  If  a  drop  of  the  concentrated  acid  be 
allowed  to  fall  upon  a  piece  of  glass,  it  becomes  hot,  boils,  and 
partially  distils  off  as  a  fluoride  of  silicon,  while  the  glass  is  cor- 
roded and  becomes  covered  with  a  white  powder  consisting  of  com- 
pounds of  fluorine  and  various  constituents  of  the  glass.     If  this 
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powder  be  washtd  awiy  a  deep  imprLssion  wiU  be  found  upontbe 
glass  at  the  pDint  wbprn  the  acid  baa  acted. 

This  corroiive  power,  wki  h  is  possessed  by  fluorliydrie  acid 
gas  as  well  as  ts  aqueous  Boluticn  is  made  use  of  for  etehing 
glass.  Tbe  gr.id  lalun^  on  tbe  ?1  ss  stems  of  thermometers  and 
eudiometers  maj  thus  be  mide  with  gieat  precbion  and  facility  ; 
the  acid  is  largely  emploied  also  in  ornamenting  glass  with 
etched  patterns. 

Exp.  74. — -Warra  a  slip  of  glass  and  ruh  it  with  beeswat  so  that  it 
shall  be  everywhere  covered  with  a  thin,  uniform  layer  of  the  was. 
"With  ft  needle,  or  other  pointed  instrument,  write  s  name,  or  trace 
any  outline  through  the  was,  so  as  to  expose  a  poition  of  the  glass. 
Lay  the  etching,  face  downward,  upon  a  bowl  or  trough  of  sheet-lead, 
in  which  has  been  placed  a  teaspoonful  of  powdered  fluor-spar  and 
enough  strong'  sulphuric  acid  to  convert  it  into  a  thin  paste ;  if  the 
glass  be  smaller  than  the  opening  of  the  dish,  it  may  be  supported 
\^<m  wires  Iwd  across  the  latter. 

Cover  the  glass  and  the  top  of  the  dish  with  a  sheet  of  paper,  and 
then  gently  heat  the  leaden  vessel  for  a  few  moments,  talung  care  not 
to  melt  the  wax ;  then  set  the  didi  aside  in  a  warm  place  and  leave  it 
at  rest  during  an  hour  or  two.  Finally  melt  the  wax  and  wipe  it  ofi 
the  glass  with  a  towel  or  bit  of  paper ;  the  glass  will  be  found  to  be 
etehed  aud  ^roded  at  the  places  where  it  was  laid  bare  by  the  re- 
moval of  th^Pax. 

This  experiment  can  be  performed  more  rapidly  by  covering  the 
outside  of  a  wateh-glaas  with  was,  tracing  characters  upon  this  layer, 
and  then  placing  the  glass  upon  a  small  platinum  crucible  containing  a 
mixture  of  fluor-spai  and  sulphuric  acid,  which  is  heated  over  the  gas- 
lamp.  The  watch-glass  is  meanwhile  hept  full  of  water,  in  order  ta 
prevent  the  wax  from  melting.  In  this  way  the  etching  can  be  effected 
in  the  course  of  a  few  minutes. 

Instead  of  the  gas,  a  dilute  aqueous  solution  of  the  acid  may  be  em- 
ployed in  this  experiment.  The  concentrated  acid  of  5  157,  diluted 
with  six  parts  of  water,  answers  a  good  purpose.  In  this  case  the 
etched  surface  will  appear  smooth  Uke  the  rest  of  the  glass,  white  in 
case  the  gaa  is  employed  the  etched  portion  of  the  glass  will  be  dull 
and  rough. 

159.  No  compounds  of  fluorine  with  chlorine,  bromine,  iodine, 
nitrogen,  or  oxygen  have  yet  been  discovered,  though  a  sulphur 
compound  has  been  obtained,  as  a  fuming  liquid,  by  distilling 
(hioride  of  lead  with  sulphur.     Fluorine  ia  the  only  element  of 
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which  no  oxjgen  compound  is  known ;  this  fact,  however,  wili 
appear  less  reniitrkahle  if  it  be  reniembered  that,  iu  order  to  ob- 
tain oxygen*  compounds  of  chlorine,  bromine,  and  iodine,  it  is 
necessary  first  to  isolate  these  elements,  and  to  have  them  in  the 
free  and  uncombined  condition.  Analogy  would  therefore  teach 
that  a  practicable  method  of  preparing  free  fluorine  must  be  dis- 
covered before  we  can  hope  to  prepare  osides  of  fluorine. 

160.  The  fact  that  fluorine  forma  a  powerful  acid  with  hydro- 
gen, connects  this  element  with  the  three  elements  (chlorine, 
bromine,  and  iodine)  which  have  last  been  studied.  Many  of  ita 
compouiida  with  the  metals  are  analogous  in  composition  to  the 
compounds  of  chlorine,  bromine,  and  iodine,  and  not  a  few  of 
these  compounds  are  isomorphous  with  one  another.  It  is  cus- 
tomary th^efore  to  study  fluorine  in  connexion  with  the  chlorine 
group ;  but  the  student  should  remember  that  in  several  respects 
it  differs  widely  from  chlorine,  and  that  its  connexion  therewith 
is,  in  any  event,  less  intimate  than  that  of  cither  bromine  or 
iodine. 


CHAPTER    XII. 

OZONB      AND      AUTOZONE. 

161.  Besides  ordinary  oxygen,  such  as  is  found  in  the  air  and 
has  been  prepared  in  Esps.  5  and  7,  two  other  kinds  or  forms  of 
this  eJement  are  known  to  cheraisfca.  These  new  modifications  of 
oxygen  have  received  special  names,  and  are  called  ozone  and 
autozone  respectively. 

162.  Several  other  elements,  notably  sulphur,  phosphorus,  and 
carbon,  occur,  as  oxygen  does,  in  very  unhke  states,  or  with  very 
difi'erent  attributes,  while  the  fundamental  chemical  identity  of 
the  substance  is  preserved.  The  word  allotropism  is  employed  lo 
express  this  capability  of  some  of  the  elements ;  it  is  derived 
from  Greek  words  signifying  of  a  different  halit,  or  e/iaraeter. 
This  word  serves  merely  to  bring  into  one  category  a  considerable 
number  of  conspicuous  facts,  of  whose  essential  nature  we  have 
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of  ozone  and  antozone  now  that  we  have  become  aequainted  with 
a  number  of  the  elements,  and  have  made  ourselves  familiar  with 
a  considerable  variety  of  chemical  processes  and  reactions,  than 
we  were  at  the  verj-  outset,  when  common  osjgen  viaa  neces- 
sarily studied. 

164.  It  had  long  been  noticed  that  when  an  electrical  machine 
■was  put  in  operation  a  peculiar,  pungent  odor  .was  developed; 
hnt  it  is  only  at  a  comparatively  recent  period  that  it  haa  been 
observed  that  the  same  odor  is  manifested  dm:ing  the  electrolysis 
of  water  (§  35),  and  that  this  odor  resembles  that  evolved  by 
moistened  phosphorus  when  exposed  to  the  mr.  It  has  graduaUy 
been  made^t  that  the  odor  in  each  of  these  cases  is  due  to  the 
presence  of  a  peculiar  modification  of  oxygen,  called  ozone  from  a 
Greek  word  signifying  t«  smell.  This  modification  of  oxygen  was 
at  one  time  erroneously  supposed  by  some  to  be  a  high  oxide  of 
hydrogen,  of  composition  H,0„  or  H,0, ;  but  this  view  has  lately 
been  completely  disproved. 

Of  the  methods  of  obtaining  ozone  above  suggested,  that  by 
phosphorus  will  usually  be  found  most  convenient, 

£xp.  75.— In  ft  clean  bottle,  of  1  or  2  litres  capacity,  place  a  piece 
of  phosphoius  2  or  3  cm.  long,  the  sm^face  of  which  has  been  scraped 
cleim  (under  water)  witii  a  knife ;  pour  water  into  the  bottle  until  the 
phosphorus  is  half  covered ;  close  the  bottle  with  a  loose  stopper,  and 
set  it  aside  in  a  place  where  the  temperature  is  20°  or  3(P. 

In  the  course  of  ten  or  fifteen  minutes  a  column  of  fog  wUl  he  seen 
to  rise  from  that  portion  of  the  phosphorus  which  projects  above  the 
water,  the  original  garlic  odor  of  the  phosphorus  will  soon  be  lost  wid 
the  pecuhar  odor  of  ozone  will  gradually  pervade  the  bottle.    After 
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Btc  or  six  lioiiTS  tlio  bntile  will  Ijp  founi  to  contain  an  abundance  of 
ozone  for  use  m  the  siibsf  ijuent  experimental 

The  cliemical  chana;es  which  occur  during  this  experiment  are 
eomplicated  it  will  be  enough  to  say  of  them  that  the  phos- 
phorus unites  with  oxygen  from  the  iir  m  the  bottle  to  form  an 
oxide  of  phosphoru'!  whi  h  will  bo  studied  Iiere<ifter  under  the 
name  of  phosphorous  acid ;  that  during  this  process  of  osidation 
a  portion  of  the  oxygen  in  the  bottle  is  changed  into  ozone  and 
antozone,  ajid  that  some  of  the  ozone  remains,  even  after  many 
hours,  diffused  in  the  air  of  the  bottle. 

165.  It  must  be  distinctly  understood  that  no  very  large  quan- 
tity of  ozone  is  obtained  in  the  foregoing  experiment.  At  the 
best,  only  a  very  minute  proportion  of  it  will  be  found  in  the  air 
of  the  bottle.  But  ozone  is  a  sitbstanae  possessing  great  chemical 
power,  and  but  little  of  it  is  needed  in  order  to  exhibit  its  cha- 
raetoristic  properties. 

If  it  be  desired  to  prepare  ozono  by  passing  electric  discharges 
through  air  or  oxygen,  either  of  these  gases  may  be  sealed  tip  in  nar- 
row glass  tubes,  through  the  centres  of  which  are  passed  platinum 
■wires,  welded  tightly  into  the  glass,  as  shown  in  Fig.  37,  and  a  series 
of  sparks  from  an  electrical  machine  is  thrown  througi^he  gas  in  the 
tube,  during  ten  or  twelve  hours.  If  the  experimenWhe  continued 
longer  than  this,  nothing  is  gained;  for  the  sparks  after  this  time  appeal 
to  destroy  the  ozone  previously  produced. 

To  avoid  the  difficulty  last  named,  a  slow  current  of  oxygen  may  he 
forced  through  a  tube  open  at  both  ends,  and  electrical  discharges  may 
be  passed  through  the  gas  in  its  transit ;  a  constant  stream  of  ozonized 
air  will  bo  thus  obtained. 

Instead  of  the  sparks,  the  gas  within  the  tube  may  be  sub- 
jected to  silent  discharges  of  electricity  obtained  by  con-  ^'^S-  ■*'■ 
Meeting  one  of  the  platinum  wires  with  the  ground,  the  ,  '~^ 
other  with  the  prime  conductor  of  an  electrical  machine, 
and  slowly  turning  the  crank  of  the  latter.  By  using  a  tube 
having  wires  near  the  top,  as  in  Fig.  37,  and  closing  the 
lower  end  of  the  tube  by  immersing  it  in  a  bath  filled  with 
an  aq;ueous  solution  of  iodide  of  potassium,  so  that  the  ozone 
may  be  absorbed  aa  fast  as  it  is  formed,  it  has  been  found 
possible,  by  some  experimenters,  to  transform  and  remove 
all  the  original  oxygen  contained  in  the  tube. 

166.  Ozone  is  produced  not  only  during  the  slow  oxidation  o 
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ptosphorus,  and  by  the  action  of  eleetiicity  upon  air  or  oxygen ; 
a  certain  quantity  of  it  appears  to  be  produced  also  during  other 
proceases  of  oxidation.  It  is  readily  formed,  for  example,  dnring 
the  slow  combustion  of  ether  and  of  various  other  volatile  liquids ; 
it  can  be  at  once  produced  by  plunging  a  heated  glass  rod  or  iron 
wire  into  a  mixture  of  air  and  ether  vapor. 

Into  a  wide-mouthed  bottle,  a  small  quantity  of  ether  is  poured ;  the 
botile  is  shaken  for  a  moment,  that  the  air  within  it  may  become 
chpirged  with  the  vapor  of  ether;  the  liquid  etier,  if  any  remain,  is 
then  poured  away,  and  a  large  glass  rod,  or  thick  iron  wire,  heated  to 
about  250°,  is  thrust  into  the  bottle.  The  rod  must  not  be  too  hot,  lest 
the  ozone  formed  be  reconverted  into  ordinary  oxygen ;  if  it  be  insuf- 
ficiently heated  no  ozone  is  produced. 

During  the  alow  oxidation  of  oil  of  turpentine,  oil  of  cionaraon,  oil 
of  lemon?,  and  others  of  the  so-called  essential  oils,  at  the  ordinary 
temperature  of  the  air  a  considerable  quantity  of  ozone  is  produced. 
This  may  be  seen  in  oil  of  turpentine  which  haa  been  kept  for  a  long 
time  in  half-fllled  bottles,  exposed  to  sunlight,  and  frequently  opened 
and  shaken.  The  formation  of  ozone  under  these  eircumstaneea  ex- 
plains the  familiar  fact  that  the  corks  employed  to  close  bottles  con- 
taining oil  of  turpentine  and  the  analogous  oils  are  soon  bleached  and 
corroded.  At  the  same  time,  antozone  is  also  produced  in  lai^e  quan- 
tity, as  will  ■  explfdned  hereafter. 

If  quicksilver,  to  which  a  little  water  and  a  few  drops  of  a  solution 
of  indigo  have  been  added,  be  shaken  up  violently  in  a  large  bottle  full 
of  wr,  the  indigo  will  soon  be  bleached  as  if  by  the  action  of  ozone. 

167.  One  of  the  beat  metbods  of  preparing  ozone  is  by  treating 
a  compound  known  as  permanganate  of  potassium  with  sulphuric 
acid.  It  should  be  observed,  however,  that  in  this  process,  as  in 
all  the  others,  the  ozone  obtained  is  mixed  with  common  oxygen  ; 
no  available  method  of  isolating  ozone  in  a  condition  of  puiiiy 
has  yet  been  made  known. 

A  small  quantity  of  concentrated  sulphuric  acid  is  placed  in  the 
bottom  of  a  bottle,  and  a  quantity  of  pure,  dry  permanganate  of  potas- 
sium, in  tine  powder,  is  added :  the  proportion  of  acid  to  permanganate 
should  be  three  parta  to  two,  by  weight,  A  strong  smell  of  ozone  will 
be  at  once  perceived,  and  the  pasty  mass  will  continue  to  give  off 
ozone  for  a  long  time. 

In  this  ease  it  is  conjectured  that  aporti  on  of  the  oxygen  of  the  per- 
manganate of  potas^nm,  the  empirical  formula  of  which  is  K^MnjOg. 
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BchiftUy  exists  in  tlie  compound  as  ozone,  and  is  given  ofi'iia  such  when 
the  compound  is  decomposed. 

168.  As  has  been  already  mentioned,  the  chemical  behavior  of 
ozone  is  analogous  to  that  of  chlorine ;  it  bleaches  and  destroys 
vegetable  coloring- matters,  and  is  a  powerful  disinfectant.  Like 
chlorine  it  instantly  decomposes  the  iodides  of  the  metals ;  upon 
this  property  is  based  a  ready  method  of  testing  for  its  presence. 

Exp.  76, — Into  the  bottle  of  ozonized  air  (Exp.  75),  thrust  a  mois- 
tened slip  of  the  test-paper,  saturated  with  starch  and  iodide  of  potas- 
sium, which  waa  prepared  in  Esp.  71 ;  the  paper  wiU  instantly  acquire 
a  deep  bine  tint.  As  in  the  ease  where  the  test-paper  was  employed 
for  detecting  chlorine  (Exp.  72),  bo  here,  the  reaction  depends  upon 
the  displacemep.t  of  the  chemieally  feeble  iodine  by  the  more  powerful 

SKI  -1-  O  =  K,0  -1-  21. 
The  ozone  here  acts  as  oxygen,  in  one  sense ;  at  all  events  the  oxide 
of  potassium  formed  is  not  to  be  distinguished  from  oxide  of  potassium 
prepared  with  common  oxygen ;  bnt  this  in  nowise  contradicts  the  fact 
that  ozone  is  an  extraordinarily  active  and  energetic  variety  of  oxygen, 
inasmuch  as  common  oxygen  will  not  efi'ect  this  decomposition. 

169.  Ozone  is  an  irritating,  poisonous  gas ;  air  which  is  highly 
charged  with  it  is  irrespirablo,  and  produces  effects  on  the  human 
subject  similar  to  those  produced  by  chlorine.  Its  odor,  which 
has  been  compared  to  that  of  weak  chlorine,  is  bo  powerful  that 
it  can  be  recognized  in  air  containing  only  one  millionth  part  of 
the  gas.  Its  oxidizing  power  is  intense.  When  moisture  is  pre- 
sent it  oxidizes  all  the  metals  excepting  gold,  platinnm,  and  the 
platinum  metab ;  even  siivei'  is  oxidized  by  it  at  tho  ordinary 
tenipemture,  and  becomes  coYered  with  a  brown  coating  of  per- 
oxide of  silver  It  destroys  many  hjdiogen  compounds,  such  aa 
those  of  snlphur,  phosphorus,  and  iodine,  the  hydrogen  being 
oxidized  as  well  as  the  element  with  which  the  hydrogen  is 
associated,  lodohjdnc  acid,  for  instance,  is  converted  into  water 
and  iodic  acid  In  the  same  way.  fiee  iodine  is  oxidized  by 
ozone,  and  if  test-p  iper  which,  has  bei  ome  blue  by  exposure  to 
ozone,  aa  in  Exp.  76,  be  left  long  in  ozonized  air,  it  will  become 
white  from  oxidation  of  the  iodine.     Ozone  will  even  oxidize 

t  the  ordinary  temperature,  when  in  contact  with 
r  and  such  alkaline  oxides  as  caustic  soda,  caustic  potash, 
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or  caustic  Hme ;  thus,  if  lime-water  (a  solution  of  caustic  limo  in 
wat«t)  be  left  exposed  to  ozonized  air,  a  certain  quantity  of 
nitrate  ofcalcium  will  be  formed.  Ammonia  is  oxidized  by  it  also, 
and  it  converts  nitrous  and  sulphurous  into  nitric  and  sulphuric 
acids. 

Many  salts  of  the  metals  are  oxidized  by  it— for  example,  the 
sulphates  of  iron  and  of  manganese.  A  valuable  test  for  the 
presence  of  ozone  is  furnished  by  its  behavior  towards  sulphate 
of  manganese. 

Exp.  77. — Dissolve  n  gramme  or  two  of  sulphate  of  manganese  in 
■water ;  soak  in  this  solution  strips  of  thin  white  blotting-paper ;  drv 
the  paper,  and  preserve  it  in  a  bottle.  If  a  slip  of  t)iis  paper  be  mois- 
tened, and  then  hung  in  ozonized  air  (Exp.  75),  it  will  quieltly  become 
brown  from  the  fo  matinn  upon  it  of  black  oxide  of  manganese 

In  like  mann  r  most  organu.  •subst^ncet  jre  quickly  oxidized 
by  ozone;  whin  substances  such  as  sawdust  garden  mould 
powdered  chari-Dal  milk  or  fttsh  are  thrown  into  a  bottle  of 
ozonized  air  the  odor  of  ozone  instantly  disappears  corlis  ind 
caoutchouc  tubes  are  attacked  by  it  and  must  cot  be  used  m 
espinmenting  with  thi  gas  It  destroys  the  olor  of  nd  o  and 
bleaches  litmus  without  fiist  redden  ng  t  Some  organ  bol  ea, 
on  the  other  hand  become  color  d  when  e  po  ed  lo  ts  acti  n 
thus  the  cut  surface  of  an  apj I  beco  nes  bro  n  and  f  sh  s  r 
faces  of  certain  mushrooms  b  ome  blue  Gun  „  cum  also 
becomes  blue.  Papers  soaked  n  a  i  1  te  alooh  1  ulubo  of 
gum  guaiaenm,  indeed,  are  often  en  [lojed  as  a  te  t  for  ozone 

Exp.  78. — Dissolve  one  part  ot  gum  gua  a  m  □  th  y  parts  of 
ninety  per  cent,  alcohol ;  add  a  few  drop  of  h  solut  no  c  of 
ordinaiy  eighty  per  cent,  alcohol;  dip  in  this  dilute  solution  strips  of 
thin  white  blotting-paper,  and  dry  them  m  the  dark  By  exposure 
to  ozonized  air  this  test-paper  acquires  a  bright  blue  cdor 

170.  By  virtue  of  its  strong  oxidizing-power,  ozone  is  of  great 
importance  as  a  disinfecting  agent'.  It  destroys  instantly  a  mul- 
titude of  oifensive  gases,  such  as  arise  from  decaying  animal  and 
vegetable  matter,  and  has  been  frequently  recommended  of  late 
aa  a  substance  well  fitted  for  the  puriScation  of  sick-rooms  and 
hospital -ward  a.  "Where  ozone  is  employed  for  purposes  of  disin- 
fection, it  must  be  borne  in  mind  that  the  acUon  of  the  gas 
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depends  solely  upon,  oxidation.  A  given  quantity  of  ozone  can 
destroy  only  a  certain  definite  amount  of  the  offensive  organic 
matter ;  wherever  these  emanations  are  ineeftaantly  generated, 
ozone  must  be  as  constantly  produced  in  order  to  destroy  them. 
This  dishifectiTig-power  of  ozone  is  interesting  iu  connexion  with 
the  observed  facts,  that  ozono  is  abundant  iu  the  air  of  pine 
forests,  where  turpentine  abounds,  and  that  pine  forests  are,  as  a 
general  rule,  remarkably  free  from  malaria.  The  well-known 
disinfecting-power  of  tar  is  supposed  in  like  manner  to  be  partly 
due  to  the  formation  of  ozone  durhig  the  oxidation  of  some  of  its 
ingredients. 

Coal-tar,  mixed  witi  p!a^r-of-Paris,  coal-ashes,  or  dry  earth,  in 
qnantity  sufScient  to  destroy  its  stickiness,  has  been  found  to  bo  a  very 
efficient  disinfectant.  The  diy  powder  obtained  as  above,  is  simply 
Bcattered  freely  about  the  offenave  locality.  The  coal-tar,  of  course, 
eTolves  a  8lig;ht  odor,  peculiar  to  itself,  which  tends  to  mask  or  conceal 
other  odora,  and  also  acts  as  an  antiseptic,  or  arrester  of  pud'efaetion ; 
but  its  chief  merit  does  not  appear  to  depend  upon  either  of  these  pro- 
perties ;  it  seems  really  to  destroy  the  gaaes  which  are  evolved  from 
putrescent  matter,  and  probably  does  so  by  generating  ozone. 

171.  It  is  supposed  that  a  minute  proportion  of  ozone  exists 
in  normal  atmospheric  air:  at  all  events,  there  is  usually  present 
in  air  a  substance  which  exhibits  the  various  reactions  of  ozone, 
and  behaves  as  ozone  would  if  it  were  there.  This  atmospheric 
ozone,  which  is  supposed  to  be  formed  in  the  processes  of  oxida- 
tion which  are  alwa3"s  going  on  in  nature,  varies  in.  quantify  with 
the  locality,  the  season,  of  the  year,  the  hour  of  the  day,  and  many 
other  circumstances. 

172.  02one  is  seldom  found  in  the  air  of  thickly  inhabited  loca- 
lities; it  oftenhippens  that  it  cannot  bedettCted  ju  the  iirotciti  s 
at  the  very  time  when  it  is  abundint  in  the  neighboring  countrj 
It  is  often  found  to  he  abundant  on  the  windw  iid  side  of  a  cit\ , 
and  altogether  absent  from  the  air  upon  the  leeward  $idc,  the  m 
fercnce  bein^  that  it  is  destroyed  b)  the  exhalations  which  arist, 
from  a  den^e  population  0/one  appears  to  be  more  abundant 
in  the  air  in  winter  than  m  sun  mer,  m  cloudy  than  m  dear 
weather,  and  by  ni^ht  t?an  by  day  it  ha*!  been  c!"scn"ed  to  be 
specially  abundant  at  timc!  when  dew  was  f  llm"  ht  ivily  As 
might  he  ex|  ected,  comparitnely  laige  quantities  of  it  arc  found 
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during  yiimder-storms,  and  its  odor  has  been  recogiiiaed  in  tie 
neighborhood  of  objects  struck  by  lightning  Ozone  is  abundant 
during  snoTF-atorms  ;  and  it  is  jirobable  that  upon  its  presence  de- 
pends the  well-kjiowa  bleaching- power  of  newly  fallen  snow. 

In  searching  for  ozone  in  the  air,  test-paper  containing  iodide  of  po- 
tassium and  starch,  such  as  was  prepared  in  Exp.  71,  is  usually  em- 
ployed. Dry  slips  of  the  prepared  paper  are  exposed,  during  from  six 
to  twenty-four  hours,  to  &  free  current  of  air,  in  a  place  well  sheltered 
from  light  and  rain.  liy  cspoaure  the  dry  paper  becomes  brown,  and 
when  wetted  acc[uires  shades  of  color  varying  from  pinkish-white  and 
iron-gray  to  blue.  He  shade  of  color  obtained  in  this  way  is  then 
compared  with  a  standard  chromatic  scale,  which  includes  aU.  the 
shades  possible  under  the  circumstanceB ;  and  tJie  proportion  of  ozone 
present  in  the  air  is  thus  roughly  estimated. 

Although  observations  of  this  kind  ai'e  far  from  possessing  that 
degree  of  accuracy  and  certainty  which  is  desirable,  they  have  never- 
theless been  considered  trustworthy  by  numerous  observers,  and  have 
given  rise  to  much  speculation  concerning  the  functions  of  atmospheric 
ozone,  more  particularly  with  regard  to  its  probable  iutluence  upon 
health  and  disease.  If  there  bo  ozone  in  the  atmosphere,  it  will,  on  the 
one  hand,  osidize  and  destroy  many  volatile  organic  substances  which 
are  supposed  to  be  prejudicial  to  health.  Hence  many  physicians  are 
of  opinion  that  the  atmospheric  ozone  plays  an  important  part  in  con- 
trolling or  preventing  epidemic  diseases  through  its  power  of  remo- 
ving infectious  matter  from  the  air ;  and  it  has  been  noticed  that  with 
the  advent  of  an  ozone -bearing  wind  auch  diseases  have  abated  or  ceased. 
But,  on  the  other  hand,  ozone  is  a  highly  irritating  gas,  and  in  the 
opinion  of  some  physicians  occasions  many  diseases  of  the  respiratory 
Cleans.  Numerous  statements  are  upon  record  to  the  effect  that  epi- 
demics of  catarrh,  colds,  sore  throat,  ar.d  influenza  have  been  coinci- 
dent with  the.beg^nningof  a  spell  of  ozoniferoua  wind. 

173.  Ozonoiia  usually  considered  to  be  completely  insoluble  in 
water  ;  but  it  has  been  recently  aseertiincd  that  water  can  take 
up  a  small  quantity  cf 't  aJid  q  '        m     ftii    p    p    ties   f 

ozone.     ■^Tien  azoniz  dirpdth        h        1  f        ti 

soda  or  caustic  potash  tinmtf  Ibdt 

first,  perhaps  by  .coml       ti      w  tb  d     bl      mpunfy    E 

the  solution,  but  afta       1  ttl    ti       th  w  11  p       thr    gli 

without  apparent  alterat  Aid        tlb  It  is 

readilj- absorbed,  .towey^,  by  ajueous  solutions  of  iodide  of  potas- 


I  by  Google 


AKrozosE,  147 

Hum  and  of  pyrogallic  acid,  with  the  constituents  of  which  it  enters 
into  combinations  not  to  ho  distinguished  from  those  made  with 
oxygen. 

174.  At  moderately  high  temperatures  ozone  loses  its  pecnlia- 
ritiea  and  changes  into  ordinary  oxygen ;  if  ozonized  air,  such  as 
■was  obtained  in  Exp,  75,  is  made  to  pass  through  a  narrow  glass 
tube  heated  f»  250°,  its  peculiar  odor,  and  its  power  of  decom- 
posing iodide  of  potassium  will  entirely  disappear.  The  same 
change  occurs  gradually  if  the  tube  ia  heated  only  to  100°, — or 
instantly  if  steam  he  thrown  into  the  ozonized  air,  so  that  the 
whole  of  it  can  be  heated  at  once  to  100° ;  hence  it  may  be  stated, 
in  general  terms,  that  ozone  is  converted  into  ordinary  oxygen  at 
temperatures  greater  than  100°. 

175.  Ozone  is  supposed  to  exist  as  such  in  several  of  the  oxides. 
Black  oxide  of  manganese,  for  example,  is  thought  to  contain  it 
as  a  constituent ;  and  a  method  of  obtaining  it  from  perman- 
ganic acid  has  been  already  given,  §  167.  The  oxygen  com- 
pounds which  are  supposed  to  contain  ozone  are  called  ozonides. 
The  formulte  of  the  following  compounds,  recognized  as  ozonides, 
are  here  given  for  the  sake  of  reference : — 

PbOj     CrO,     MnO^     Co^O,     ^fi, 
Xgfi^   MnO,  Mnfi,    Ni^O,     Bifi, 

176.  Antosone  (the  opponent  or  opposite  of  ozone)  appears 
to  be  produced  simultaneously  with  ozone  whenever  the  latter  is 
formed,  whether  by  eleitncal  a  tion  or  durmg  processes  of  oxida- 
tion. It  may  even  be  that  as  some  chemists  believe,  ordinary 
oxygen  is  in  a  certain  sense  a  nompound  substance,  and  that 
when  in  contact  with  phosphorui,  and  in  the  other  circumstances 
under  which  ozone  is  produced  the  noutral  oxygen  is  split  or  de- 
composed into  two  opposite  ind  dissimilar  modifications — we  had 
almost  said  elemento— one  of  which  is  ozone,  the  other  antozone. 
It  ia  thought  that  while  the  greater  part  of  the  ozone  thus  engen- 
dered enters  into  combination  with  the  phosphorus,  or  other 
substance,  undergoing  oxidation,  a  certain  portion  of  it,  together 
with  some  of  the  antozone,  becomes  mixed  with  the  surrounding 
air,  and  so  escapes  combining  with  the  body  which  Js  being  oxi- 
dized. 

Only  a  comparatively  short  time  has  elapsed  since  antozone 
J.2 
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has  been  recognized  as  a  distinct  substance  ;  hence  its  properties 
have  been  less  thorougUy  studied  than  those  of  ozone.  Many  oE 
its  characteristics  and  properties  are  still  involved  in  great  ob- 
scurity, very  various  and  even  conflicting  statements  having  been 
published  concerning  them, 

177.  Of  the  methods  devised  for  preparing  antozone,  the  fol- 

By  passing  dty  electrized  air  (5  165}  through  a  coneentrafed  aque- 
oua  solution  of  iodide  of  potassium,  or  of  pyrogallic  acid,  all  the  ozone 
contained  in  the  air  will  be  at  once  absorbed,  and  the  antozone  left 
behind,  free  from  any  admixture  of  ozone. 

During  the  slow  oxidation  of  oil  of  turpentine  and  other  volatile  or 
essential  oils  (§  166),  a  considerable  quantity  of  antozone  is  produced, 
as  well  as  of  oaone.  While  most  of  the  ozone  at  once  combines  with 
the  constituents  of  the  oil,  to  form  resins  and  other  poducts  of  oxida- 
tion, the  antozone,  which  does  not  oxidiie  the  oil,  is  dissolved  by  it. 
In  what  state  the  antozone  exists  withiu  the  oil  is  still  imcertain ;  but 
it  is,  in  any  event,  very  loosely  held,  and  is  readily  given  up  to  other 
substances. 

In  the  same  way  that  ozone  maybe  prepared,  by  ehemieal  deenmpo- 
Mtion,  from  perviian(janate  of  pota^ium,  a  compound  supposed  to  con- 
tain ozone  (S  1G7),  antozone  may  be  obtained  by  decomposing  certfun 
compounds  which  are  believed  to  contain  this  variety  of  oxygen — such, 
for  example,  as  peroxide  of  barhun,  BaO,.  A  little  concentrated  sul- 
phuric acid  is  poured  into  a  small  bottle,  and  into  this  acid  are  thrown 
a  number  of  small  fragments  of  peroxide  of  barium  (free  from  any  ad- 
mixture of  nitrate  of  barium)  ;  so  soon  as  an  evolution  of  gas  ensues, 
the  air  of  the  bottle  will  be  found  charged  with  antozone.  This  re- 
action is  sometimes  capricious.  Usually  it  occurs  at  the  ordinary 
temperature  of  the  ait ;  but  it  is  often  necessary  to  place  the  bottle  in 
a  water-bath  heated  to  50°  or  60°,  in  order  to  start  the  evolution  of 
pas ;  and,  on  the  other  hand,  the  violence  of  the  reaction  must  some- 
times be  allayed  by  immersing  the  bottle  in  cold  water. 

In  the  preparation  of  ozone  by  means  of  phosphorus  ia  moist  air 
(Exp.  75),  or  by  the  electrolysis  of  water  (§  35),  the  antozone  which 
is  formed  at  the  same  time  with  the  ozone,  unites  with  the  water 
present,  and  must  there  be  sought.  (See  5  181.) 

Antozone  has  been  found  in  nature  in  a  dark-blue  variety  of  fluor- 
spar from  Wolsendorf,  in  Bavaria.  Upon  being  rubbed,  this  mineral 
emits  a  peculiar  odor,  which  was  formerly  (bought  to  be  that  of  chlo- 
rine or  of  hypochloroas  acid.    More  recent  investigations  have  shown 


sd  by  Google 


PROPERTIES  OP  AMTOZONB.  149 

that  the  odor  is  ttat  of  antozone,  aad  that  by  grinding  the  mineral 
with  water  the  aatozone  can  he  transferred  to  the  water. 

178.  Antozoneia  a  gas,  the  odor  of  which  somewhat  resemhles 
that  of  ozone  ;  there  ia,  however,  a  decided  differeaoe  between 
the  two  odors,  tliat  of  antozone  heing  disgusting,  while  that  of 
ozone  is  merely  pungent  and  irritating.  Antozone  changes  at 
once  to  ordinary  oxygen  on  being  heated.  Even  at  tho  ordinary 
temperature  it  reverts  to  common  oxygen  very  readily — -much 
more  readily  than  ozone.  Most  of  the  antozone  usually  disap- 
pears from  dry  electrized  air  in  the  course  of  an  hour,  or  an  hour 
and  a  half;  and  if  the  air  be  moist,  the  change  is  still  more  rapid. 
Ozone,  on  the  c6ntrary,  ia  comparatively  permanent,  under  the 
same  conditions ;  and  although  when  a  mixture  of  ozone  and  aato- 
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If  wr,  charged  with  antozone,  be  made  to  bubble  through  water,  it 
will  emerge  from  tie  water  in  the  form  of  a  thick  white  mist,  similar 
to  that  formed  by  the  cooling  of  steam.  The  same  thing  occurs  when 
electrized  air,  or  electrized  oxygen,  issues  into  a  moist  atmosphere, 
though  the  e^^t  is  less  marked  when  ozone  is  present  than  when  it 
has  been  removed  by  means  of  iodide  of  potassium.  The  mist  pro- 
duced by  slowly  passicg  antozonized  air  through  water  is  heavy;  it 
remwns  hanging  over  the  surfhee  of  the  liquid,  and  may  he  readily 
poured  from  one  vessel  to  another.  By  conducting  it  through  a  tube 
to  the  bottom  of  a  dry,  tall  bottle,  it  displaces  the  air,  aU  the  while 
preserving  a  sharply  defined  boundary ;  by  gentle  agitation  it  is  easily 
broken  np  into  cloud-like  masses. 

When  a  large,  dry  bottle  is  nearly  filled  with  this  antozone  mist, 
then  closed  and  left  to  itself,  the  mist  gradually  becomes  thinner  and 
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Ies3  opaque,  and  in  the  course  of  htHf  or  three-quarters  of  an  hout 
Tanishes  altogether.  As  the  cloud  thus  disappears,  water  isdepositcd 
upon  the  aides  of  the  bottle,  at  first  as  a  mere  dew,  hut  afterwards 
accumulating  in  droplets,  which  finally  fiow  together  to  the  bottom  of 
th^  vessel.  When  the  air  in  the  bottle  has  become  clear,  no  autozone 
can  be  detected  in  it 

It  thus  appears  that  antozone  has  the  property  of  taking  up  water 
in  such  a  mnuner  that  the  water  assumes  tte  peculiar  physical  condi- 
tions of  a  cloud  or  mist.  While  the  antozone  lasts  the  cloud  ia  per- 
manent; but  the  antozone  is  soon  transformed  into  ordinary  oxygen, 
and  as  fast  as  this  change  Qccurs  the  wafer  of  the  cloud  is  deposited 
in  droplets. 

By  passing  the  antozone  mist  through  tubes  filled  with  desiccating 
substances,  such  as  chloiide  of  calcium  (Appendix,  §  15j,  the  water 
may  be  removed,  and  transparent  antozonized  air  obtained,  capable  of 
again  producing  a  mist  on  being  brought  in  contact  with  water.  Many 
strong  saline  solutions  likewise  deprne  antozone  of  water;  hence  the 
non-appearance  of  the  cloud  when  electrized  air  is  passed  through  a 
strong  solution  of  iodide  of  potasfi  im ,  the  cloud  does  appear,  how- 
ever, when  the  solution  is  sufliLiectlj  dilute. 

It  has  been  proved  bj-  experiment  that  electrized  air  can  sup- 
port or  carry  a  ly  tw  aa  much  moisture  as  ordinary  air  or 
oxygen  at  th  sam  t  mp  ture,  and  that  this  air  is  much  more 
difficult  to  d  y  than  th  t>  with  which  chemists  usually  have 
to  deal.  Thi,  e  pi  n  h  w  t  happened  that,  before  the  disco- 
very of  the  cl  ud  1  m  ^  p  operty  of  antozone,  so  many  obser- 
vers had  been  1  d  to  d  o^one  an  oxide  of  hydrogen.  One 
experimenter  would  pass  recently  electrized  air  through  an  ordi- 
nary drying-tuhe,  such  as  long  experience  had  shown  to  be 
capable  of  drying  common  air  perfectly,  and  would  then  heat  the 
gas  ;  by  this  treatment  both  the  ozone  and  the  antozone  would 
be  changed  to  ordinary  oxygen,  and  the  water  which  had  been 
carried  through  the  drying-tube  by  the  antozone  would  he  made 
visible.  The  remarkable  capacity  of  antozone  for  moisture  being 
unknown,  the  water  thus  obtained  was  naturally  enough  supposed 
to  have  been  derived  from  some  compound  of  hydrogen  and  oxy- 
gen other  than  water,  and  eapablo  of  passing  unabsorbed  through 
the  drjing-tube.  Other  chemists,  performing,  as  they  supposed, 
the  sameexperiment,  but  in  reality  operating  upon  airless  recently 
electrized,  and  so  containing  no  antozone,  were,  of  course,  unabto 
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to  obtain  any  water  at  the  point  where  it  had  heen  observed  by 
tboir  predecessors  ;  hence  arose  a  series  of  eontrorersies  which 
have  only  recently  been  composed. 

180.  As  has  been  already  mentioned,  antozone,  like  ozone,  is 
formed  in  all  processes  of  oxidation  and  combustion.  During 
combustion  most  of  the  ozena  produced  enters  into  combination 
with  the  substance  burned,  while  the  antozone  is  left  free,  or 
ent«rs  into  combination  with  water  to  form  peroxide  of  hydrogen. 
When  the  combustion  is  slow  or  smouldering,  antozone  appears 
in  large  quantities,  and  in  presence  of  moisture  forms  the  eha- 
raoteristio  mist  or  cloud.  Tobacco -smoke,  the  gray  smoke  of 
chimneys  and  of  gunpowder,  and  all  such,  smokes  are  antozone 
clouds, — facts  which  support  the  idea  that  all  clouds,  fogs,  and 
mists  are  caused  by  the  presence  of  ajitozono  in  the  atmosphere. 

The  oxidation  of  phosphorus  affords  a  ready  method  of  eshibiting; 
the  antozone  cloud.  During  the  osidation  of  pliospborus  in  moist  air, 
white  fumes  ace  formed,  which  were  long  a  great  puzzle  to  chemists. 
Whether  the  phosphorus  be  allowed  to  oxidize  slowly,  as  in  Exp.  75, 
or  burned  rapidly,  as  in  Exp.  13,  there  is  always  produced  a  white  mist 
of  very  considerable  permanence,  which  remains  long  after  the  oxides 
of  phosphorus,  which  are  also  formed,  have  been  takeiiupand  removed 
by  the  water.  This  mist  is  the  antozone  cloud;  it  is  nothing  but  water 
ield  suspended  by  antozone. 

In  the  rapid  combustion  of  phosphorus,  Utfle  or  no  ozone  is  left  free; 
all  of  it  seems  to  unite  directly  with  the  phosphorus ;  but  much  more 
antozone  is  produced  when  the  combustion  is  rapid  than  when  it  is 
slow.  The  formation  of  antozone  in  this  connexion  dxplains  the  fact 
already  alluded  to  (Exp.  13),  that  phosphorus  burning  with  flame,  in 
a  confined  volume  of  air,  does  not  wholly  exhaust  the  latter  of  oxygen. 
The  pUosphorus  cannot  combine  with  antozone,  but  only  with  ozone ; 
hence,  when  no  oxygen  other  than  that  in  the  fonn  of  antoione  re- 
mains, the  combustion  must  cease. 

During  the  burning  of  a  jet  of  hydrogen  under  a  bell-glass  through 
which  a  stream  of  air  is  drawn,  antozone  is  formed,  as  is  proved  by 
passing  the  issuing  stream  through  water ;  the  antozone  cloud  is  pro- 
duced without  difficulty,  and  peroxide  of  hydrogen  appears  as  a  pro- 
duct. The  formation  of  the  antozone  mist,  and  of  peroxide  of  hydro- 
gen, may  be  observed  with  any  other  flame  if  care  be  taken  that  the 
air  which  streams  over  the  flame  be  not  too  stronc;ly  heated,  A  high 
temperature  destroys  the  antozone  as  fiist  as  it  is  formed. 
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181.  Besides  its  power  of  forming  clouds  or  mists  with  water, 
which  is  interesting  rather  as  a  physical  than  as  a  chemical  tact, 
antozone,  particiilarly  when  newly  formed,  also  unites  with  water 
chemically,  the  substance  called  peroxide  of  hydrogen  (sec  §  61), 
whose  composition  is  expressed  by  the  foimula  H^Oj,  being  the 
result  of  the  combination. 

A  simple  method  of  exhibiting'  the  formation  of  peroxide  of  hjdro- 
gBo  by  the  action  of  antozone  upnn  watti,  la  to  place  a  short,  naiTow 
tube,  containing  concentrated  sulphuric  icid,  within  a  bottle  2  or  3 
cm.  in  width,  fiimished  with  a  gioimd-i^Iass  stopper,  and  flUed  with 
water  nearly  to  the  top  of  the  tube  Small  portions  of  peroxide  of 
barium  are  now  added,  at  interval'",  lo  the  Bulphunc  acid  in  the  tube, 
elevation  of  temperature  being  avoided  an  fai  as  possible ;  tbe  stopper 
should  be  replaced  in  the  bottle  after  each  addition  of  the  peroxide. 
Most  of  the  oxygen  evolved  in  this  process  appears,  however,  to  be  m 
the  ordinary  inactive  state,  and  the  solution  of  peroxide  of  hydrogen 
obtained  is  conseqTieutly  extremely  dilute,  A  better  method  of  pro- 
cedure is  to  pass  a  current  of  carbonic  add  gas  into  a  mixture  ot  water 
and  peroxide  of  barium, 

BaOj  +  HjO  +  COa  =  BaO,CO,  +  HjOj. 
In  tills  way  a  highly  concentrated  solution  of  the  peroxide  can  be 
obtained. 

Another  easy  method  of  prepirmg  peroxide  of  hi  diogen  ia  by  the 
oxidation  of  amalgams  ot  l-'ad  oi  zinc  In  tins  cas'  al  o  as  in  the 
preceding,  the  peroxide  oi  h^drfgen  is  probablj  formed  bj  the  union 
of  antozone  with  water. 

One  hundred  giiimme>"  of  lend  imalgam,  containing  bo  much  mer- 
cury that  it  shall  be  fluid  at  the  orduiart  temperature,  is  ehaktn  in  a 
bottle  of  the  capacity  of  a  litre  togPther  with  200  c  c  of  water,  aci- 
diJated  with  2  grms.  of  sulphuric  acid  the  watei  soonbeeomes  millty 
from  separation  of  sulphate  of  lead,  and  in  the  course  of  ten  or  twelve 
minutes  contains  enough  peroxide  of  hydrogen  to  exhibit  thi*  charac- 
teristic I'cactions  of  this  substance. 

So,  too,  if  pulverulent  zinc-amalgam  be  loosely  thrown  into  a  glass 
funnel,  with  narrow  throat,  and  a  thin  stream  of  water  be  allowed  to 
flow  through  it  in  such  manner  that  the  metal  may  be  at  the  same 
time  acted  upon  by  both  air  and  water,  the  water  will  becom*  charged 
with  peroxide  of  hydrogen.  By  repeatedly  pouring  back  the  dilute 
solution  of  the  peroxide  upon  the  amalgam,  it  can  be  very  considerably 
strengthened.  In  order  to  prepare  the  zinc-amalgam,  equal  weights  of 
zinc-tilings  and  of  mercury  are  placed  in  a  beaher  glass,  coverad  witl 
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water  acidulated  with  sulpliuric  or  cblorliydric  acid,  and  thoroughly 
mixed  hy  stirring  with  a.  glass  rod ;  the  acid  is  thou  poured  away,  and 
the  last  portions  of  it  removed  from  the  amalgam  by  washing  with 

This  power  of  antozone  to  oxidize  water  diatinguiBhes  it  com- 
pletely from  ozone,  which  has  little  or  no  action  upon  water. 

182.  Peroxide  of  hydrogen,  like  peroxide  of  barium,  is  supposed 
to  contain  one  atom,  of  oxygen  in  the  form  of  antozone;  the  per- 
oxides of  potassium,  sodium,  and  strontium  also  are  placed  in  the 
same  eategOBry,     They  aie  all  called  antozonidcs. 

18S.  Antozone  can  be  distinguished  from  ozone  by  the  follow- 
ing tests : — 

Strips  of  paper,  charged  with  a  solution  of  sulphate  of  manganese 
(Exp.  77j,  do  not  become  brown  when  exposed  to  the  action  of  anf> 
ozone  i  on  the  contrary,  manganese  papers  which  have  been  browned 
by  ozone  are  bleached  by  antozone.  Giiaiacum  paper  (Esp.  78)  does 
not  become  blue  in  antozonized  fur.  The  yellow  compound  culled 
lerrocyanide  of  potassium,  which  is  converted  into  red  ferricjanide  of 
potassium  by  the  action  of  ozone,  is  not  changed  by  antozone.  In  the 
absence  of  acids,  antozone  has  no  action  upon  iodide  of  potassium. 

The  chemical  behavior  of  antozone  may  bs  conveniently  studied  by 
resorting  to  its  compound  with  water,  the  antozonide  peroxide  of  hy- 
drogen. If  peroxide  of  hydrogen  be  brought  in  contact  with  an  ozonide 
like  peroxide  of  lead,  for  example,  both  of  the  peroxides  will  be  re- 
duced, and  there  will  result  water,  protoxide  of  lead,  and  free  ordinary 
oxygen.  Whenever  an  antozonide  is  mixed  with  an  ozonide,  a  similar 
reaction  occurs;  the  two  active  varieties  of  oxygen  disappear,  and 
common  oxygen  is  evolved ;  hence  it  has  been  assumed  that  ordinary 
inactive  oxygen  is  a  sort  of  compound,  resulting  from  the  imion  or 
neutrahzation  of  ozone  with  antozone.  Several  important  testa  for 
antozone  are  dependent  upon  this  fact  of  the  decomposition  of  ant- 
ozonides  by  ozonides. 

If  a  liquid  suspected  to  contain  peroxide  of  hydrogen  he  shaken  in  a 
test-tube  with  a  small  quantity  of  ether,  the  ether  will  dissolve  the 
peroxide,  and  will  finally  collect  upon  the  surface  of  the  liquid;  on 
adding  to  it  a  small  drop  of  a  solution  of  the  ozonide  chromic  acid,  or, 
what  comes  to  the  same  thing,  a  drop  of  a  solution  of  bichromate  of 
potassium  acidulated  with  sulphurie  acid,  the  ethereal  solulioa  will 
become  blue. 

If  a  liquid  containing  peroxide  of  hydrogen  be  added  to  a  dilute  red 
solution  of  permanganate  of  potassium,  this  solution  will  be  decolorized, 
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wiile  common  oxygen  will  be  evolyed ;  and  in  tlie  same  way  the  brown 
peroxide  of  lead  and  the  red-colored  aalla  of  peroxide  of  iron  are 
bleached  bj  it. 

Another  eiceediDgly  delicate  and  characteristic  test  for  antozone,  ot 
rather  for  peroside  of  hydrogen,  the  rationale  of  which  haa  not  yet 
been  well  made  out,  is  the  following : — If  to  a  solution  contdning  per- 
oxide of  hydrogen  there  are  added  a  few  drops  of  dilute  starch-paste 
charged  with  iodide  of  potassium,  and  anbsec[uently  a,  very  small 
quantity  of  a  solution  of  ooppei-as  (protosulphate  of  iron),  iodine  will 
be  set  free,  and  the  starch  will  become  blue.  The  solution  to  be  tested 
must  he  as  nearly  neutral  as  possible.  The  addition  of  an  acid,  instead 
of  the  copperas  solution,  will  also  bring  about  the  same  reaction, 
though  less  readily. 

184.  Wo  have  thus  set  forth  whatever  is  host  known  concern- 
ing ozone  and  antozone,  in  spite  of  the  details  into  which  so  full 
an  exposition  has  necessarily  descended,  partly  becan&e  the  sub- 
ject will  evidently  be  one  of  primary  importance,  both  theoretical 
and  practical,  in  the  near  future,  and  partly  from  a  dt'sire  to 
show  the  student  how  vague  and  uncertain  the  prospect  is  when 
once  the  narrow  limits  of  estabhshed  knowledge  are  past  and 
the  inquirer  ventures  out  into  the  obscurity  which  perpetually 
separates  the  knowledge  of  fo-day  from  that  which  shall  bo 
knowlec^e  to-morrow,  hut  also  because  of  the  impossibility, 
with  so  obscure  a  subject,  of  making  such  a  just  discrimination 
between  salient  and  unimportant  points  as  with  a  well-studied 
aubjeet  is  both  easy  and  desirable. 


CHAPTEE    Xin. 


185.  Sulphur  occurs  somewhat  abundantly  in  natare,  both  in 
the  free  state  and  in  combination  with  other  elements.  Many 
ores  of  metals,  for  example,  are  sulphur  compounds.  It  is  a 
component  of  several  abundant  salts,  such  as  the  sulphates  of 
calcium,  barium,  and  sodium,  and  occurs  in  small  proportion  in 
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many  animal  and  vegetable  Bubstanees.  Free  sulphur  is  foimd 
chiefly  in  volcanic  districts.  Generally  it  occurs  mixed  with 
eaxtliy  matters ;  but  it  often  forms  distinct  veins,  and  is  sometimea 
found  in  the  shape  of  ivell-defined  crystals  of  considerable  size. 
At  the  present  time  about  nine-tenths  of  the  sulphur  of  commerce 
comes  from  Sicily. 

186  Native  sulphur  is  usually  subjected  to  a  rough  puiifiea- 
ti  n  t  th  pi  f  its  occurrence.  This  purification  is  some- 
*im  if  t  d  by  1  stilling  the  volcanic  earth  in  retorts  or  jars 
f        th    w  the  sulphur  being  volatile,  distils  over,  and  is 

coll    t  d    n  rs,  from  which  it  is  drawn  off,  from  time  to 

tim  n  th  hq  d  tate ;  or  if  the  earth  be  very  rich  in  siilphur, 
t  ply  h    t  d  n  large  kettles  and  the  melted  sulphur  dipped 

off  from  above,  while  the  eatthy  impurities  settle  to  the  bottom 
of  the  kettle.  The  product  thus  obtained  is  known  as  crude  sul- 
phur ;  it  comes  to  us  in  irregular  lumps  of  a  dirty  light-yellow 
color,  and  is  lai'gely  employed  for  mannfaeturing-purposes. 

This  crude  sulphur  is  contaminated  with  more  or  less  eatthy 
matter.  In  order  to  purify  it,  it  is  distilled  from  iron  retorts  into 
largo  chambers  eonstnieted  of  masonry,  in  which  it  is  deposited 
either  in  the  form  of  a  light  powder,  known  as  flowers  of  sul- 
phur, or  in  a  liquid  state,  according  to  ciroumstaiioes.  At  the 
beginning  of  the  operation,  while  the  chamber  is  cold,  the  sul- 
phur vapor  condenses  as  an  exceedingly  fine,  soft,  powder  (flowers 
of  sulphur)  upon  the  walls  of  the  chambor.  But  heat  is  given  off 
as  the  sulphur  vapor  condenses,  and  after  a  while  the  walls  of 
the  ehacibet  become  so  hot  that  sulphur  will  melt  upon  them. 
After  this,  the  incoming  aulphnr  vapor  of  course  condenses  only 
to  the  liquid  state,  and  a  layer  of  liquid  sulphur  collects  upon 
the  floor  of  the  chamber.  This  liquid  sulphur  is  drawn  off  into 
wooden  moulds,  and  thus  cast  into  the  sticks  familiarly  known  aa 
roll-brimstone.  It  is  evident  that,  by  a  little  management,  the 
snlphnr-rcfiner  can  obtain,  at  will,  either  flowers  of  sulphur  or 
roll-brimstone,  or  first  the  one  and  then  the  other. 

187.  At  the  ordinary  temperature  of  the  air,  sulphur  is  a 
brittle  solid,  of  a  peculiar  light-yellow  color.  It  has  neither 
taste  nor  smell,  excepting  that  when  rubbed  it  exhales  a  faint 
and  peculiar  odor.     Most  of  the  odors  which  in  everyday  life  ara 
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refeiTed  to  sulpliiir  are  really  the  odors  of  Tarious  compounds  of 
BTilpliur,  and.  are  not  evolved  by  the  element  itself.  It  is  a  hail 
conductor  of  heat  and  electricity.  On  being  nibbed  it  becomes 
highly  (negatively)  electric,  and  is  still  employed  as  a  soui-oe  of 
electricity  in  some  eases.  The  symbol  of  sulphur  is  S ;  its  atomic 
weight  is  32,  being  precisely  twice  as  great  as  the  atomic  weight 
of  oxygen. 

188.  Siilphur  melts  easily  at  about  112°,  a  temperature  not 
very  far  abo^'e  that  at  which  water  boils,  A  fragment  of  it  may 
even  be  melted  by  heating  it  on  writing-paper  over  the  flame  of 
a  candle.  It  volatilizes  freely  at  temperatares  lower  than  its 
melting-point,  aad  boils  at  440°.  Indeed,  as  is  the  case  with 
water,  it  is  a  substance  which  can  be  brought  into  either  of  the 
three  states  of  matter  without  any  difficulty ;  we  can  have  it  as  a 
solid,  a  liquid,  or  a  gas  as  we  please.  It  can  readUy  be  obtained 
also  in  the  form  of  crystals. 

JEjcp.  79. — In  a  small  beaker  glass,  or  porcelain  capsule,  heat  shwlp 
50  to  60  grms.  of  sulphur  until  it  has  entirely  melted.  Remove  the 
vessel  from  the  lamp,  and  allow  it  to  cool  slowly  until  about  a  quarter 
part  of  the  sulphur  has  solidified  ;  then  pour  off,  into  a  ha^ii  of  water, 
that  portion  of  the  sulphur  which  is  still  liquid,  breaking  through,  for 
this  purpose,  the  crust  at  the  top  of  the  liquid,  if  any  such  have  formed. 
The  interior  of  the  vessel  will  be  found  to  be  lined  with  transparent, 
prismatic  crystals. 

Exp.  80. — In  a  test-tube,  melt  enough  sulphur  to  fill  one-quarter  of 
the  tube;  place  the  tube  in  such  a  position  that  its  contents  may  cool 
slowly  and  quietly,  and  theu  watch  the  formation  of  crystals  as  they 
shoot  out  from  the  comparatively  cold  walls  of  the  tube  towards  the 
centre  of  the  liquid. 

Exp,  79  represents  one  general  method  of  obtaining  crystals. 
Crystab  of  many  of  the  metals,  lead  and  bismuth  for  example, 
can  be  obtained  by  operating  in  this  way ;  it  is  only  necessary 
to  melt  the  metal  in  a  crucible  of  some  refractory  material, 
placed  in  a  furnace.  The  melted  metal  having  then  been  allowed 
to  cool  until  a  tolerably  firm  crust  has  formed  upon  its  surface, 
this  crust  is  pierced  with  an  iron  rod,  and  the  crucible  quickly 
inverted,  so  that  the  portion  of  the  metal  which  still  remains 
fluid  in  the  interior  shall  How  out.     Upori  afterwards  breaking 
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the  crncible,  crystals  will  be  found  lining  the  cavity  of  the  metallic 
cup  which  has  been  formed  within  it. 

189.  Exp.  80,  besides  illustrating  the  manner  in  which  crys- 
tals form,  teaches  us  something  of  the  physical  structure  of  solid 
bodies.  Ihe  solid  mass  of  sulphur  which  is  left  in  the  test-tube 
when  it  has  become  cold,  is  evidently  nothing  more  than  a  com- 
pact bundle  of  interlaced  crystals.  If  the  mass  be  removed  from 
the  tube,  and  then  broken  across,  it  will  present  a  glistening 
appearance,  owing  to  the  reflection  of  light  from  tlie  surfaces  of 
the  minute  crystals  of  which  it  is  composed.  It  is  said  to  have 
a  erystalline  stTwdure.  This  crystalline  stnicture  is  apt  to  render 
a  body  brittle;  substances  which  possess  it  are  liable  to  break 
"with  the  grain,"  or  to  spht  in  certain  directions  determined  by 
the  shape  of  the  crystals,  and  called  lines  of  deavage ;  a  stick  of 
roll-brimstone,  for  example,  maybe  readily  broken  or  cut  across, 
but  not  so  easily  in  the  direction  of  its  length.  Tho  same  remark 
applies  to  many  samples  of  metal.  In  all  cases  where  tenacity  is 
required,  it  is  important  to  counteract,  or  to  prevent  as  much  aa 
possible,  the  tendency  towards  crystallization.  Thus,  in  manu- 
facturing wrought  iron,  it  is  the  constant  endeavor  of  the  work- 
man to  render  the  metal  stringy  or  fibrous,  and  not  crystalline, 
and  he  seeks  to  accomplish  this  by  appropriate  processes  of 
kneading,  squeezing,  and  rolling. 

190.  Another  easy  way  ix)  crystallize  sulphur  is  by  tho  method 
of  solution  and  evaporation,  such  as  was  employed  in  the  pre- 
paration of  nitrate  of  ammonium  (Exp.  33),  Sulphur  is  not 
soluble  in  water,  but  it  dissolves  readily  in  a  liquid  compound  of 
sulphur  and  carhou,  known  as  bisulphide  of  carbon,  which  being 
readily  volatile,  quickly  escapes,  on  exposure  t«  the  air,  and  so 
deposits  tlie  sulphur. 

.E^.  81. — Place  in  a  test-tube  a  small  teaspoonful  of  flowers  ol 
sulphur,  pour  upon  the  sulphur  10  or  12  c.  e.  of  bisulphide  of  carbon, 
close  the  tube  witli  a  cork,  and  allow  the  mixture  to  stand  during  hslf 
su  hour,  shaking  it  occasionally.  Decnnt  the  clear  Uquid  from  the 
Bulphur  which  still  repiuns  undissolved,  and  pour  it  into  a  small  porce- 
lion  capsule,  which  place  out  of  doors,  or  in  a  draught  of  air,  until  the 
highly  oiFensive  bisiUphide  of  carbon  has  all  evaporated.  Crystals  o( 
sulphur  will  then  be  found  at  tho  bottom  of  the  dish. 
This  experiment  might  be  modified  by  preparing,  in  the  first  place,  a 
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saturated  solution  of  sulphur  in  boiling  bisulphide  of  carbon,  and  then 
allowing-  the  eleai  solution  to  cool  slowly.  Crystals  of  sulphur  would 
finally  bo  found  beneath  the  cold  liquid.  The  method  by  evaporation, 
aa  above  described,  is  to  be  preterred. 

It  will  be  noticed  that  the  crystals  of  Exp.  81  are  not  shaped 
like  those  obtained  by  the  method  of  fusion  in  Exp.  79.  The 
two  seta  of  crystals  belong  in  fact  to  entirely  different  systems  of 
crystallization. 

191.  The  researches  of  crystallographera  have  proved  that  the 
crystals  of  natural  minerals  and  artificial  chemical  substances 
may  all  be  included  in  six  general  classes  of  form,  called  si/stema 
of  crystallization.  In  every  crystal,  certain  directions  may  be 
recognized,  with  reference  to  which  the  bounding  plaues  of  the 
crystal  exhibit  a  more  or  less  symmetrical  arrangement.  These 
directions,  represented  by  straight  lines  drawn  through  the  centre 
of  the  crystal,  are  called  aa;es.  The  thousands  of  crystal-forma 
which  occur  in  nature,  or  are  produced  by  art,  have  been  divided 
into  six  systems,  or  groups,  by  observation  of  the  number,  rela- 
tive length  and  mutual  inclination  of  the  axes  around  which  they 
are  symmetrically  formed.  These  six  systems  are  defined  as 
follows : — 

I.  Monometrie  (single-meaeure)  or  Eegidar  System. — The  axes  are 
three  in  number,  equal  in  length,  and  intersett  each  other  at  right 
angles.  The  cube,  regular  octahedron,  and  rhombic  dodecabedron, 
forms  of  perfect  symmetry,  belong  to  this  system. 

II.  Dimetric  (tieo-meaaiav)  System. — The  axes  are  three  in  cumber, 
and  intersect  each  other  at  right  angles;  but  one,  called  the  vertical, 
is  either  longer  or  shorter  than  the  two  lateral,  which  are  equal.  The 
]^ht  square  prism  and  square  octahedron  are  of  this  system. 

m.  Tnnteiric  (three-meaeure)  Syetem.—'Shs  axes  are  three  in  num- 
ber, unequal  in  length  and  intersect  each  other  at  right  angles.  The 
^atem  includes  the  right  rectangular  prism,  the  right  rhombic  prism, 
and  the  rhombic  octahedron. 

IV.  Monoclinie  {iingh-indination)  System. — The  axes  are  three  in 
number,  and  unequal  in  length ;  and  one,  called  the  vertical,  is  at  right 
angles  with  one  of  the  other  two  axes,  which  are  called  lateral,  hut 
obliquely  inclined  to  the  other;  the  two  lateral  axes  intersect  each 
other  at  right  angles.  The  right  rhomhoidal  and  oblique  rhombic 
pisms  belong  to  this  system. 

V.  Tndime  (three-tndination)  System. — The  axes  are  three  in  num- 
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bw,  unequal  in  length,  and  all  their  intersectioas  are  oblique.  The 
oblique  rhomboidel  prism  is  of  this  system. 

VI.  Hexoffomal  Sj/ntem.—Tiis  axes  sue  £ani  ia  nxxmber ;  three,  called 
lateral,  lie  in  one  plane,  are  equal  in  length,  and  intersect  each  other 
at  angles  of  60°;  the  fourth  axis,  called  vertical,  is  either  longer  or 
shorter  than  the  other  three,  and  croaaes  them  at  right  angles.  This 
eysf  em  includes  the  hexagonal  prism  and  the  rhombohedroii. 

Under  these  systems  of  crystallization,  the  Tariety  of  possible  forma 
and  diinensious  is  unlimited.  Thus,  in  systems  in  which  the  axes  are 
unequal,  the  inequality  may  be  great  or  emaO,  through  all  degrees  of 
discrepancy;  in  oblique  systems  the  inclination  of  the  axes  may  vary 
iudelinitely ;  rhombohedrona  may  occur  of  every  angle.  Thus  the  ac- 
tual forms  of  crystallography  become  exceedingly  numerous,  although 
they  all  belong  to  a  few  simple  types. 

If  the  student  draws  in  perspective,  upon  paper,  the  axes  of  the 
several  systems  above  described,  or,  better,  constiueta  the  different  sete 
of  axes  out  of  bits  of  wood  or  wire,  he  will  appreciate  the  fact  that 
forms  belonging  to  different  systems  are  ordinarily  so  unlike  in  general 
appearance  as  to  be  readily  distinguishable  even  by  those  who  have  no 
eiact  knowledge  of  the  mathematical  science  of  cryatallography. 

192.  Aa  a  general  rale,  a  Bubstanee  crystallizes  in  forma  be- 
lo'i^ng  to  only  one  syst«m,  and  the  crystalliiie  form  of  a  sub- 
stance is  something  so  constant  and  characteristie  as  to  be  one  of 
the  chemist's  most  valued  means  of  recognition  and  definition. 
But  this  general  rule  is  not  without  exceptions.  Sulphur,  as  has 
just  been  proved,  may  be  made  to  crystallize  in  forms  belonging 
to  two  distinct  systems  of  crystallization;  and  there  arc  other 
substances,  not  a  few,  which  when  crystallized  under  different 

Fie  38,  *^<"*'J'*'i''^^'  assume  forms  of  two  distinct  systems, 
Substance.-i  which  are  thus  capable  of  assuming  crj-s- 
.^  \  tdline  forms  belonging  to  two  different  systems  are 
■    ■*    said  to  be  dimoi-j>kotts  (two-formed).     Two  such  dif- 


ferent forms  of  the  same  substance  often 


Fig.  3 


have  quite  dissimilar  physical  properties; 

they  are  apt  lo  differ  from  each  other  in  //'A 

hardness,  specific  gravity,  color,  optical  pro-  /  Ll\ 

perties,  and  in  their  relation  to  heat;  the  vn/ 

chemical  properties,  also,  of  two  such  dif-  M// 

ferent  forms  are  seldom  entirely  the  same.  V 
The  crystals   of  sulphur  obtained  by  fusion  (Exp.  79)  e 


sd  by  Google 


160  CHANGE  OF  PSISHATIC  INTO  CCtAHlLDEiL  STIIPHUB, 

elongated  oblique  rtombic  prisma  (Fig.  38),  and  belong  to  the 
fourth  (or  monoclinic)  system.  The  crystals  of  sulphur  which 
nre  derived  from  its  solution  in  bisulphide  of  carbon  (Exp.  81) 
are  rhombic  octahedrons  (Fig.  39),  belonging  to  the  trimotrie 
system.  The  apecifle  gravity  of  the  octahedral  crystals  is  greater 
tlian  that  of  the  prismatio  in  the  ratio  of  2'07  :  1-91.  The  spe- 
cific heat  of  the  octahedral  crystals  is  0-163,  and  that  of  the 
prismatic  somewhat  greater.  The  melting-point  of  the  prismatic 
oiystals  iiS  about  120°. 

The  prismatic  crystals  of  sulphur  (Exp.  79)  cannot  be  kept 
for  any  great  length  of  time.  They  soon  lose  their  transparency 
and  characteristic  amber  color,  becoming  opaque  and  light  yellow, 
like  ordinary  brimstone.  If  they  be  examined  under  the  micro- 
scope it  will  be  seen  that  the  prisms  are  now  composed  of  a 
multitude  of  little  octahedral  crystals.  The  change  of  color  and 
texture  is  due  to  a  rearrangement  of  the  particles  of  the  original 
crystals  though  the  aggregation  of  octahedrons  wh  eh  have  been 
formed  withm  the  prismatic  crjstal  still  ret  ms  the  aba^e  of  t^e 
pnsm  If  the  pnsmatic  crjstils  be  left  at  rest  tl  is  change  f 
form  usmlly  begins  in  the  course  of  a  few  hotirs  but  it  n  ay  be 
greatly  accelerated  by  scratcbms;  the  crystah  or  si  1  ms  them 
together  Under  ordinary  circ  imstanees  the  pa'isagc  t  the  sul 
phur  from  tl  e  onp  mol  oular  st  te  to  the  other  gae^  c  very 
slowly  severdl  years  bung  often  required  for  its  com]  letion  but 
the  ohangp  can.  1  e  accomplished  immedi'»tely  by  mo  stenm^  the 
prismatic  crvitals  with  bi**  ilphide  of  carbon  A  con'Jiderable 
nmount  of  heat  i*!  leveloped  as  the  prismatic  sulphur  changes 
into  Dctahedral  thi-j  can  reidilybe  appreeiitel  when  the  con 
version  is  eflected  by  means  of  bisulphide  of  carbon. 

In  the  same  way  that  prismatic  sulphur  slowly  changes  into 
the  octahedral  variety  at  the  ordinary  temperature,  octahedral 
Bulphuv  is  gradually  converted  into  prismatic  siilphnr  when  kept 
for  a  long  time  at  a  temperature  near  its  melting-point.  Tho 
change  in  specific  gravity  enables  us  to  follow  the  progress  of  tliis 
oonyersion. 

Sulphur  which  has  been  melted  and  allowed  to  solidify  gra- 
dually, is  always  in  the  prismatic  condition  immediately  after  the 
solidification.     Koll-brimstone,  for  example,  when  fresh  from  the 
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moulds,  is  translucent,  and  of  a  dark  amber  or  brownish -jellow 
color,  like  the  prismatic  crystals  of  Esp.  79 ;  but  in  a  short  time, 
often  in  the  course  of  a  few  hoars,  the  sticks  become  light-yellow 
and  opaque,  as  we  find  them  in  commerce,  and  are  then  com- 
posed, at  least  externally,  of  a  mass  of  octahedral  crystals. 

193.  There  is  still  a  third  way  of  obtaining  crystals  of  sulphur, 
namely,  by  sublimation.  At  slightly  elevated  temperatures,  sul- 
phur is  volatile;  and  if  the  circumstances  be  such  that  the  vapor 
shall  condense  very  slowly,  crystals  will  form.  The  natural 
crystals  of  sulphur  found  in  volcanic  countries,  which  are  often 
T<!ry  large  and  of  great  beauty,  have  been  formed  in  this  way. 
These  native  crystals  are  octahedral,  like  those  obtained  by  means 
of  bisulphide  of  carbon  {see  Exp.  81). 

194,  As  appears  from  the  foregoing,  there  are  three  distinct 
methods  of  obtaining  crystals: — I.  By  fusion;  that  is  to  say,  by 
the  Blow  cooling  of  moltem  matter  II  Ey  solution  followed 
either  fav  removal  of  the  solvent  by  evaponf  o  oi  chem  cal  means 
or  by  red  ct  on  of  ils  temperature      III    By  sublimation 

A  fam  1  ar  nstance  of  the  flist  method  s  se  n  m  the  case  of 
ice  as  when  a  jart  of  the  w  ter  m  any  h  How  vessel  freezes 
slo  ly  u]  on  the  des  of  the  ves  el  of  the  se  ond  in  the  manu 
fact  re  of  common  salt  and  of  the  thaid  in  the  formation  of 
frost  upon  a  w  ndo  v  pane 

There  is  st  11  a  to  rth  gene  al  method  of  ol  t  r  g  rysfals 
wh  h  on-!  sff  very  slowlv  decumpoa  ng  son  c  h  n  cil  com 
pounl  of  the  substince  to  be  crystalliz  d  e  thcr  ty  the  idd  t  n 
of  some  other  ch  mical  agent  or  by  means  of  the  galvan  c  car 
rent  Crrstals  of  s  il]  h  ir  may  be  formed  in  th  s  way  and  are 
in  fa  t  &  n  etimes  found  n  the  p  pes  used  to  convcv  iHura  Hat  ng 
gaa  thr  ugh  the  street  of  c  ti  «  der  such  c  r  msta  ccs  that 
it  evident  tl  at  they  have  re'iulted  from  the  deoon  pos  t  on  of 
some  one  of  the  sulphur  ompounds  w  th  nh  ch  coal  gas  is  always 
eont  m    ated 

It  iruat  nut  be  f  rel  from  the  ab  ve  enumerat  on  of  the 
ord  narv  methods  of  obtJ  n  ng  crvstala  that  e  ther  fu  ion  solu 
tion  or  subl  nat  on  s  a  neccsary  eon  1 1  on  of  the  formation 
of  cnstals  Both  in  nature  anl  in  irfc  examples  ir  of  the 
crystalline  arrangement  of  pa  t  cles  w  thin  sol  d  mas  es    under 
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circumstancea  which  preclude  the  idea  that  either  fasioii,  solu- 
tion, or  Bviblimation,  in  the  ordinary  sense  of  these  terms,  should 
have  occurred. 

195.  Sulphur  hehaves  in  a  Tery  remarkable  manner  on  being 
heated.  Wien  melted  at  the  loweat  possible  temperature,  110° 
to  115°,  it  forms  a  limpid  liquid  of  a  light- yellow  color;  but  if 
this  liquid  he  heated  more  strongly,  it  begins  to  become  riscid 
and  dark-colored  at  about  150°,  and  at  170°  to  200°  it  is  almost 
black,  and  at  the  same  time  so  thick  and  tenacious  that  it  cannot 
be  poured  from  the  vessel  which  holds  it,  even  if  the  vessel  be 
inverted.  At  330°  to  340°  it  regains  its  fluidity  in  part,  though 
the  liquid  is  still  dark-colored,  and  finally,  at  about  440°,  it  be- 
gins to  boil,  and  is  converted  into  an  amber-colored  vapor.  The 
specitic  gravity  ot  sulphnr  vapor,  referred  to  hydrogen,  is  32, 

196  It  melted  sulpliur,  m  the  viscid  state,  or,  better,  that 
which  has  regi,ined  its  mibdity,  be  suddenly  cooled,  a  semisolid 
modiicitiDn  ot  Bulphur,  remarkably  different  from  tlie  ordinary 
form,  will  be  obtained 

Sxp.  82. — Place  in  a  test-tube,  of  about  30  c.  c,  capacity,  15  to  20 
grma.  of  coarsely  powdered  sulphur ;  melt  the  sulphur  slowly  over  the 
gas-lamp,  and  continue  to  heat  it  until  it  begins  to  boil,  noting,  mean- 
while, the  changes  which  the  sulphur  undergoes — as  described  in  §  195. 
Enally  pour  the  hot  sulphur,  in  a  line  stream,  into  a  large  dish  fall  of 
cold  water.  There  will  be  obtained  a  soft,  elastic,  reddish-brown  mass, 
which  can  be  Itneaded  and  moulded  like  wax,  and  drawn  out  into 
threads  like  caoutchouc 

This  soft  sulphur  cannot  be  preserved  for  any  great  length  of 
time.  When  left  to  itself,  at  the  ordinary  temperature  of  the 
air,  it  slowly  hardens  and  changes  into  ordinary  brittle  yellow 
sulphur.  This  change  is  accelerated  by  kneading,  and  is  instan- 
taneous at  the  temperature  of  100°.  In  any  event,  a  certain 
amount  of  heat  is  evolved  as  the  soft  sulphur  changes  into  ordi- 
nary sulphnr.  The  specific  gravity  of  sjft  sulphur  is  somewhat 
lower  than  that  of  the  prismatic  crystals. 

From  the  foregoing  facts  it  appears  that  sulphur,  like  oxygen, 
is  capable  of  assuming  different  aUotropic  states.    (See  §  162.) 

197.  In  its  behavior  towards  solvents,  sulphur  presents  some 
curious  anomalies.     Some  specimens  of  sulphur  are  freely  soluble 
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in  bisulphide  of  carbon,  while  of  other  samples  only  a  compara- 
tively small  portion  dissolves.  We  distinguish,  therefore,  a  eoluhle 
and  an  insoluble  modification  of  sulphur. 

Octahedral  sulphur,  the  bright-yellow,  translucent,  native  crys- 
tals for  example,  is  completely  soluble  in  hisul]ihide  of  earhon. 
But  of  tho  soft,  clastic  sulphur,  such  as  was  prepared  in  Exp.  82, 
as  much  as  30  or  40  per  cent,  is  completely  insoluble  in  the 
bisulphide,  whether  this  liquid  be  hot  or  cold. 

No  method  has  as  yet  been  discovered  of  preparing  pure  in- 
soluble sulphur  directly ;  but  it  can  always  be  readily  obtained 
by  dissolving  out  the  soluble  sulphur  from  a  mixture  of  the  two 
varieties,  such  as  the  soft  sulphur  above  mentioned.  Flowers  of 
sulphur  contain  a  considerable  portion  of  insoluble  sulphur ;  roll- 
brimstone  much  Iks,  though  the  interior  of  the  sticks  contains 
decidedly  more  than  the  outfcide  portions.  It  may  he  observed, 
in  this  connexion,  that  flowers  of  sulphur  are  prepared  by  bud- 
denly  cooling  the  vapor  of  sulphur,  while  the  soft  variety  is 
obtained  by  suddenly  cooling  melted  sulphur. 

Insoluble  sulphur  undergoes  no  change  at  the  ordinary  t«m- 
perature  ;  hut  if  it  be  kept  for  a  long  time  at  100°.  or  if  it'  be 
exposed  to  the  vapor  of  water  or  alcoliol,  it  18  slowly  convertLd 
into  the  soluble  variety. 

198.  EoT  some  pharmaoeutioa!  purposes,  sulphur  is  prepared  as 
a  powder  finer  even  than  flowers  of  sulphur.  This  preparation  is 
known  as  milk  of  suljihur  ot preeipiiated  sufphur. 

Exp.  83. — Pla«e  in  a  small  flaak  as  much  flowers  of  sulphur  as  can 
he  taken  up  on  the  point  of  a  penknife ;  pour  into  the  flask  10  or  16 
c.  c.  of  a  solution  of  cauatic  soda,  and  boil  tie  mixture  for  some  time. 
Part  of  the  sulphur  will  dissolve  and  color  the  liquid  yellowish  brown. 

Pour  off  the  clear  liquid  from  the  undissolved  sulphur,  mix  it  with 
an  equal  volume  of  water  snd  stir  in  dilute  chlorh  jdric  acid,  added  by 
small  portions,  until  a  drop  of  the  mixture  placed  upon  litmus  paper 
exhibits  an  acid  reaction.  As  the  add  is  added,  the  liquid  assumes  a 
milky  appearance  from  the  separation  of  sulphur  in  the  form  cf  an 
exceedingly  fine  powder.  This  pjwder  is  so  light  that,  for  a  lung 
while,  it  will  not  subside,  hut  remains  suspended  in  the  liquor,  im- 
parting to  it  a  milky  appeal  ance. 

Collect  the  powder  un  a  small  filter,  wash  it  with  water,  and  dry  it 
at  a  gentle  heat     It  will  now  appear  as  a  pale  j  ellowish-grey  impal- 
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puble  powder  If  it  be  heatpd  more  ationffly  so  that  it  melt«  the 
color  mil  become  diatiiiLtl)  >elliw,  the  nuniberlesa  amall  piiticks  of 
the  powder  bping  now  eompncted  into  a  'in  >le  mosa 

It  Villi  be  remarked  that  the  tolor  of  flowers  of  sulphur  ig 
lighter  thtn.  thit  of  roll-bnmitone,  ^ihiie  the  color  of  the  pre- 
cipitated sulphui  ii3  far  lighter  than  that  of  the  flowciB  &uch 
differences  as  these  are  common  they  depend  upon  a  differene& 
of  mechanical  condition,  upon  differences  m  the  state  of  aggre- 
gation of  the  particles  ot  the  suhstancet  which  exhibit  them 

The  method  of  pulrenzation  by  piecipit  ttion  (mployed  in  this 
esperiment,  is  a  general  method,  applicahio  to  manj  other  euh- 
stances  besides,  sulphur 

199.  Sulphur  unites  enei^eticallj  with  most  of  the  other  ele- 
monts,  such  union  being,  m  many  cases,  attended  with  evolution 
of  light.  Moat  of  the  metals,  tor  example,  combine  with  it 
directly,  just  as  they  do  with  oxygen 

£xp.  84— Melt  in  anigniiion-tube,  13  to  16  Fig.  40. 

C.iQ.  long,  4  or  6  grms.  of  sulphur,  and  heat  the  ,  -^ 
liquid  until  it  boils ;  then  throw  in  small  por-  W  /r^ 
tions  of  copper  filings,  or  fine  turnings,  and  ^^|,., 
observe  the  Tioient  action  which  ensues. 

Or  a  strip  of  very  thin  sheet  copper  or  a  coil 
of  fine  copper-iwro  may  be  suspended  in  the 
hot  sulphur  vapor,  in  the  upper  part  oi  the 
ignition-tube ;  it  will  glow  vividly  as  it  unites 
with  the  gaseous  sulphur,  much  in  the  same 
way  as  if  it  were  burning  in  oxygen  gas.  The 
froduct  of  the  reaction,  in  either  ease,  is  called 
sulphide  of  copper. 

£ijj.  85. — Mix  intimately  4  grms.  of  flowers 
of  sulphur  and  7  grms.  of  the  finest  iron-filings.  Place  the  mixture  in 
an  ignition-tube  10  to  12  cm.  long,  and  heat  the  upper  part  of  the 
tube  over  the  gas-lamp.  In  a  short  time  the  mass  will  begin  to  glow, 
as  the  sulphur  and  iron  enter  into  chemical  conibiiiation,  and  this 
ignition  will,  of  itself,  pass  through  the  entire  length  of  the  tube, 
even  if  the  lamp  be  withdrawn.  The  final  product  of  the  reaction  is 
piotosulphide  of  iron. 

200.  As  has  been  already  shown  (§§  2,  109),  phenomena  of 
combustion,  such  as  are  exhibited  in  these  experiments,  are 
directly  referable  to  chemical  union.    They  are  strictly  analogous 
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to  the  ordinary  processes  of  combustion  in  which  oxygen  is 
involved,  though  the  technical  term,  combustion,  is  by  custom 
Umited  to  the  act  of  combination  with  oxygen. 

Sulphur  combines  with  chlorine,  bromine,  iodine,  and  phos- 
phorus at  the  ordinary  temperature,  and  with  carbon  at  a  red 
heat.  With  oxygen  it  uaites  readily  at  a.  comparatively  low 
temperature.  When  heated  in  the  air,  it  takes  Are  at  about 
250  a  d  bums  with  a  peculiar  blue  light.  This  easy  intlam' 
mah  1  ty  may  be  readily  illustrated  by  blowing  flowers  of  s\ilphur 
nt  th  h  t  air  issuing  from  the  chimney  of  an  Argand  gas-iamp ; 
the  Iph  r  takes  fire  at  a  eonsidei-able  height  above  the  flame. 
Th  atmg,  suffocatins;  gas,  which  la  produced  by  the  uiiion  of 

sulphur  and  oxygen,  wiU  be  shortly  described  under  the  name  of 
sulphu    u    atid 

e  al  mportant  practical  applications  of  sulphur  depend  upon 
th  p  I  ty  ot  Igniting  and  cont  nuing  to  burn  at  a  moderate 
h  at  It  s,  in.  faot,  largeij  employed  as  a  kindling  material. 
E)  m  n,  of  it,  othet  bodies  less  leidily  combustible,  can  be 
h  t  d  t  the  temperature  at  which  they  continue  to  bum. 
Hence  its  use  upon  matches  and  m  gunpowder  and  iirewoiks 

201.  In  its  chemical  propErties,  sulphnr  is  closely  allied  to 
oxygen;  like  oxjgen,  it  form*  a  great  variety  ot  compounds 
with  a  wide  rajige  ot  different  elements  and  tht,  series  of  com- 
pounds thus  obtained  is  ia  many  respects  parall  J  with,  or  com- 
parable to,  the  series  of  oxygen  compound^ 

It  is  an  important  raw  material  in  the  chemical  arts,  being  an 
ingredient  of  numerous  useful  compounds,  such  as  cinnabar,  ultra- 
marine, vulcanized  caoutchouc,  bisulphide  of  carbon,  chloride  of 
sulphur,  and  the  various  compounds  of  sulphur  and  oxygen,  one 
of  which,  sulphuric  acid,  Ls  the  moat  important  chemical  agent  at 
present  employed  in  manufacturing  industry.  Sulphur  is  largely 
employed  in  medicine,  in  tJie  treatment  of  cutaneous  diseases  of 
both  men  and  domesticated  animals,  and  has  been  of  late  years 
extensively  used  in  the  vineyards  of  Europe  for  destroying  a 
parasitic  fungus  which  infests  the  vines. 

202.  Sulpkydric  Acid  (H^S).— When  atdphur  is  sublimed  in 
hydrogen  gas,  or  when  hydrogen  is  passed  over  melted  siiljihur, 
Bombinatioa  takes  place  between  the  two  elements,  though  very 
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slowly  aud  imperfectly,  so  that  only  a  eorapaxatively  small  quaa- 
t  ty    f  th  [J         ltd  f  th    p  b 

t        if         Igt  b  htlgq       tt         ftai 

f    mdwh  t  f  hjd    g      g  d      Iph  p      la 

p       dth        hat)      iilldwthl      mt      fpm        t 
h    t  d  t   ab    1 500 

Wh      th    t         1  ra     t  m    t       tli    n    oe  t    t  t     th      com 
1  I  ly     th  h  g  b  d  t    m  g       li  h 

P  t    f)        1     h      th  Ij     t  d  t    d    t      t       d  till  t 

uljbydn        d  1     1   j     t  mm  iiiid      th        m 

IT         taneea      In      th  t  th    p    d    t    f  th     m 

II       g       f  h    1  ly    ff  d      1  k    th  t    t     tte 

A  m  th  d    f  p    ]  Ipl  ydn         d  Ij  1        tt  d 

hydrogen,  as  it  is  often  called,  is  by  acting  upoa  a  compound  of 
sulphur  and  iron  with  dilute  ehlorhydrio  aoid. 


— Iq  a  gas-bottle  (Fig.  41)  put  10  or  12  grms.  of  protoanl- 
■on,  see  Esp.  85;  re- 
1  the  bottle  and 


Fig.  41. 


Exp.  86, 
phide  of  ii 
place  the  eork  ii 

introduce  the  gas-deli veiy-tube 
iutoRnotheramall  bottle  contain- 
ing cold  water,  letting  the  tube 
dip  5  or  0  cm.  benpath  the  sur- 
feco  of  the  water.  Through  the 
thiatle-tiibe,  pour  into  the  gas- 
bottle  water  enough  to  seal  the 
lower  estreniitj  of  this  tube  ; 
then  add,  through  the  thistle- 
tube,  as  before,  2  or  3  leaspoon- 
fuls  of  muriatic  acid,  and  obseri'e 
that  bubbles  of  gaa  soon  begin  to 
pass  through  the  water  in  the  absorption  bottle. 

Sulphydric  acid  is  soluble  in  water  to  a  conaiderahle  eytent,  and  is 
consequently  taken  up  by  the  water  in  the  absorption  bottle.  The 
solution  thus  obtained,  known  aa  sulphuretted  hydrogen-water,  is 
much  employed  as  a  reagent  in  chemical  laboratories;  it  will  serve  U8 
here  as  a  convenieut  source  of  sulphydric  acid. 

When  the  disengagement  of  gas  skekens,  a  new  portion  of  muriatic 
acid  maybe  added  through  thethistle-tube,  and  this  process  continued 
until  t);e  water  in  tie  absorption  bottle  smells  strongly  of  the  gas. 

This  experiment  shouhl  be  perlbrmed  out  of  doors,  or  in  a  draoght 
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of  air  so  arranged  that  thoBe  portigna  of  the  gaa  which  escape  solution 
shall  bo  carried  away  from  the  operator. 

203.  The  reaction  betwocn  the  sulphide  of  iron  and  chlor- 
hydrio  acid  ia  the  foregoing  experiment  is  somewhat  analogous 
to  that  which  occurs  in  the  preparation  of  hydrogen,  §  50.  If 
metallic  iroa  (or  zinc)  he  treated  with  chlorhydric  acid,  hydrogen 
is  evolved,  according  to  the  equation 

Fe  +  2HC]  =  red,  +  2H. 
But  if,  i]ist«ad  of  simple  iron,  sulphide  of  iron,  whose  formula 
is  FeS,  be  taken,  suiphur  will  be  eliminated,  aa  well  as  hydrogen, 
by  the  action  ot  the  acid,  and  these  elements,  as  they  come  to- 
gether in  the  nascent  state,  will  unit«  to  form  sulphydric  acid, 
FeS  +  2HC1  =  FeCl,  +  H^S. 
Instead  of  absorbmg  the  gd,s  evolved  in  the  foregoing  esperi- 
ments  in  wat«r,  it  uught  be  collected  as  such,  over  a  basin  hold- 
ing but  a  small  quantity  of  wiiter,  or,  better,  filled  with  warm 
water  or  with  biine,  either  of  which  absorbs  less  of  the  gas  than 
cold  water      Lnless  absolutth  dry,  the  gas  cannot  be  collected 
over  mercury,  sinci,  when  moist,  it  acts  upon  this  metaL 

204.  At  the  ordinary  tempenture  and  pressure,  sulphj-drio 
acid  is  a  gia  somewhat  heavier  th 
17,  refciTed  to   hydrogen,    but  i 
atmospheres  at  11°,  it  he- 
comes  liquid.   The  specific 
gravity  of  this  liquid  re- 
ferred to  water  is  0-9.   At 
—85°  the  liquid  solidifies 
to  a  white  crystalline  mass. 

205.  Since  the  sulphide 
ot  iron,  employed  in  the 
preparation  of  suiphydnc 
acid,  is  usually  mixed  with 
a  certain  quantity  of  me- 
tallic iron,  the  gas  is  liable 
to  be  eontarainatcd  with 
free  hydrogen.  For  all  or- 
dinary purposes,  the  gas 


ir,  its  specific  gravity  being 
!  of  about  15 
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thus  mixed  with,  hydrogen  serrea  as  well  as  if  it  were  pure  ;  but 
in  some  cases  a  gas  free  from  hydrogen  is  required.  In  order  to 
prepare  it,  sulphide  of  antimony  is  substituted  for  the  sulphide 
of  iron. 

1  part  of  powdered  aulpliide  of  antimony  placed  in  a  thin-hottomed 
flask  is  treated  with  3  or  4  parts  of  chlorhydric  acid  of  M  sp.  gr.  and 
the  mixture  gently  heated.  The  apparatus  may  he  arranged  as  in 
Fig.  42,  in  which  the  hottle  into  which  the  gas  first  enters  contains  a 
very  small  quantify  of  watflr ;  this  water  serves  to  remove  any  particles 
of  the  acid  or  of  solid  matter  which  may  have  been  carried  over  in  the 
current  of  gas.  In  case  a  dry  gaa  be  needed,  a  chloride-of-oaleium 
tube  (see  Appendix,  §  15)  must  be  interposed  between  the  wash-bottle 
and  the  mercury-trough. 

206.  The  volumetrio  composition  of  sulphydrie  acid  gas  is  one 
volume  of  sulphur-vapor  and  two  volumes  of  hydrogen,  condensed 
to  two  volmneii.  Its  molecule,  therefore,  contains  one  atom  of 
sulphur  and  two  atoms  of  hydrogen,  and  is  strictly  analogous  to 
the  molecule  of  water. 

The  composition  of  sulphydric  acid  may  be  determined  experi- 
mentally by  heating  metallic  tin  in  a  confined  volume  of  the  gas.  An 
ignition-tuhe  20  or  80  cm.  long,  bent  at  an  obtuse  angle,  within  5  to 
e  cm.  of  the  closed  extremity,  as  shown  in  Fig.  43,  should  be  com- 
pletely filled  with  dry  sulphydric  acid  gas  over  the  mercniy-frough, 
and  then  closed  with  the  thumb  and  inverted. 
Some  granulated  tin  should  be  dropped  ij 
the  tube  and  made  to  lodge  in  the  bent  part, 
the  thumb  being  instantly  replaced  upon 
mouth  of  the  tube  the  moment  the  tin 
entered. 

The  tube  full  of  gas  is  now  replaced  in 
mercury-trough,  as  shown  in  the  figure,  and 
about  one-third  part  of  the  gaa  is  allowed  to  escape  by  inclmmg  the 
tube  so  that  the  gas  may  bubble  out  through  the  mercury  The  tube 
and  its  contents  are  left  at  rest  during  half  an  hour,  m  order  that  thej 
may  acquire  the  temperature  of  the  surrounding  air,  a  caoutchouc  ring 
is  slipped  domi  the  tube  to  mark  the  height  of  the  gas,  and  the  tin  is 
then  heated  with  thf  flame  of  a  spirit-lamp.  The  hot  tin  combines 
with  the  sulphur,  and  hydrogen  is  set  free.  The  apparatus  is  left  at 
rest  during  another  half  hour,  and  the  height  of  the  gas  in  the  tube 
is  then  noted.  Tf  the  gas  employed  was  pure,  it  will  be  found  that  its 
Toluaie  has  undergone  no  change.     The  hydrogen  which  has  been  iet 
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6ee  occupies  preoiselj  the  same  space  as  the  sulphydric  acid  did  before 
it  was  decomposed. 

It  is  evident  from  this  that  1  volume  of  sulphjdric  acid  gas  conf*ina 
1  volume  of  hydrc^en,  or  multiplying  these  numbers  by  2,  in  order  to 
arrive  at  the  composition  indicated  by  our  molecular  formula,  that  2 
volumes  of  sulphydric  acid  contain  2  volumes  of  hydrogen.  Now  the 
specific  gravity,  or  unit-volume  weight  of  sulphydric  acid  has  been 
found,  by  experiment,  to  be  17'19,  that  of  hydrogen  being  1;  and  if 

From  the  weight  of  2  volumes  of  sulphydric  acid ....  S4-S8 

We  subtract  the  weight  of  two  volumes  hydrogen     .     .     .     2'00 

There  wHl  remain 32-38 

which  is  very  nearly  equal  to  the  unit-volume  weight  of  sulphur- 
vapor,  SI'S,  as  experimentally  detei-mined. 

The  composition  of  sulphydric  acid,  both  by  volume  and  weight, 
may,  therefore,  be  expressed  by  the  diagram. 


207.  The  gas  is  very  poisonoua ;  when  respired  in  the  pnre 
fltate  it  quickly  proves  fatal,  and  it  is  very  deleterious,  even 
though  largely  diluted  with  atmospheric  air.  Small  birds  soon 
die  in  air  which  contains  only  j^g^-  of  its  volume  of  the  gas,  dogs 
in  air  which  contains  ^^j,  and  horses  in  air  which  contains  -^^ 
of  its  volume.  Men  can  support  more  of  it,  bnt  in  experimenting 
with  it,  it  is  best  to  do  so  where  there  is  a  free  circulation  of  air. 
Nausea  and  headache  are  often  produced  when  an  atmosphere 
even  slightly  contaminated  with  sulphuretted  hydrogen  has  been 
breathed  for  any  length  of  time.  In  case  the  air  of  an  apart- 
ment become  contaminated  with  the  gas,  the  disgusting  smell 
can  readily  be  neutralized  by  sprinkling  the  room  with  chlorine- 
water,  or  by  evolving  a  little  chlorine  gas  by  adding  some  dilute 
acid  to  a  small  quantity  of  bleaching- powder. 

The  gas  exists  as  a  natural  constituent  of  some  mineral  watera 
which  are  thence  called  sulphurous,  such  as  the  Virginia  Sul- 
phur Springs,  and  the  mineral  springs  at  Sharon,  N.  Y.     It  is 
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also  found  in  the  air  and  water  of  foul  sewers,  and  wterever 
animal  matter  is  undergoing  putrefacfion. 

208.  Sulphydrio  acid  gas  is  readily  inflammable,  and,  like  hy- 
drogen, extinguishes  the  flame  of  a  burning  candle  immersed  in 
it.  It  bums  with  a  blue  flame,  producing  water  and  sulphurous 
acid  gas, 

H,8  +  30  =  H,0  +  SO^. 
In  case  it  be  ignited  in  contact  with  a  quantity  of  air  insufficient 
to  bum  the  whole  of  it,  the  hydrogen  will  bum  first,  and  a  por- 
tion of  the  sulphur  will  escape  combustion. 

If  a  tall  glass  cylinder  be  filled  with  sulphydric  acid  gaa,  and  tlie 
gas  be  lighted  at  the  top,  tho  flame  will  pass  down  the  cylinder  as  the 
hydrogen  is  consumed,  and  a  quantity  of  very  finely  divided  solid  sul- 
phur will  be  deposited  upon  the  walls  of  the  Teasel. 

It  has  already  been  stated  that  sulphur  kindles  very  easily,  and  that 
it  has  a  strong  aflinity  for  oxygen;  but  it  appears  from  this  experi- 
ment, that  hydrogen  kindles  still  more  readily,  and  that  its  affinity  for 
osygen  is  greater  than  that  of  sulphur. 

When  mixed  with  air,  in  certain  proportions,  it  is  esploaive ; 
a  fact  which  should  be  borne  in  mind  by  the  experimenter. 

209.  Water  dissolves  about  three  times  its  own  volume  of  the 
gas  at  the  ordinary  temperature.  This  solution  (see  Exp.  86)  is 
transparent  and  colorless  when  recently  prepared,  but,  when  kept 
it  gradually  becomes  opalescent  and  turbid  from  deposition  of 
sulphur.  Oxygen  from  the  air  unites  with  the  hydrogen  of  the 
sulphydric  acid  to  form  water,  and  sulphur  is  set  free.  After  the 
lapse  of  several  weeks  or  months,  it  will  be  found  that  the  solution 
no  longer  contains  any  sulphydric  acid  ;  it  has  lost  its  nauseous 
odor,  and  the  bottoni  of  the  bottle  is  covered  with  sulphur,  the 
result  of  the  decomposition  of  the  dissolved  gas. 

The  aqueous  solution  of  the  gas  reddens  litmus  slightly,  like 
the  very  weak  acids.  Towards  metals  and  metallic  oxides  it  bo- 
haves  ia  a  maimer  somewhat  analogous  to  that  of  chlorhydric 
acid  and  its  congeners,  while,  with  regard  to  metallic  sulphides, 
it  stands  in  the  same  relation  as  water  to  the  oxides,  as  will  be 
explained  hereafter. 

E3;p.  87.— Place  a  drop  of  sulphuretted-hydrogen  water  (Exp.  86) 
Upon  a  bright  piece  of  copper,  lead,  or  silver.    The  metal  wiUqvuekly 
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become  black.     The  sulphur  of  the  aulphydric  acid  unites  with  the 
metal,  to  form  sulphide  of  copper,  sulphide  of  lead,  or  sulphide  of  ail- 
Ter,  as  the  case  may  be,  while  the  hjdi'ogen  escapea. 
Cu  +  HjS  =  CuS  +  2H. 

Bxp.  88.— Place  in  a  test-tube  as  much  litharge  (oiide  of  lead  s= 
PbO)  aa  can  be  held  upon  the  point  of  apenlrnife,  pour  upon  it  a  tea- 
spoonful  of  sulphuretted  hydrogen-water,  and  observe  that  the  yellow 
litharge  immediately  becomes  black.  Sulphide  of  lead  is  formed,  as  in 
the  preceding  experiment,  together  with  a  quactity  of  water. 
PbO  +  HjS  =  PbS  -i-  H,0. 

Exp.  89. — In  place  of  the  lithnige  of  the  last  esperiment,  take  a 
very  small  crystal  of  nitrate  of  lead  (Exp.  42J  ;  dissolve  it  in  as  much 
water  aa  will  half  fill  the  test-tube,  and  to  thia  solution  add  a  few  drops 
of  the  sulphuretted-hydrogen  water.  Black  sulphideof  lead  is  thrown 
down  as  a  precipitate,  and  nitric  acid  is  set  Iree. 

rbO,KjOj  +  H;,S  =  PbS  +  HbOjNsO.. 

210.  Since  many  of  the  metallic  sulphides  are,  like  the  Bul- 
phides  of  lead,  copper,  and  silver,  insoluble  in  wat«r  and  dilute 
acids,  sulphuretted  hydrogen  is  peculiurly  well  adapted  for  pre- 
cipitating the  metals  from  their  solutions.  After  having  been 
thrown  down  as  sulphides,  as  in  tke  last  esperiment,  they  can  be 
readily  separated  and  collected  by  filtration. 

Though  many  of  tRe  metallic  sulphides  are  black,  like  that  of 
lead,  this  is  not  true  of  all.  Several  of  them  exhibit  character- 
istic colors,  by  which  they  may  be  readily  recognized ;  thus  the 
color  of  snlphido  of  antimony  is  orange,  that  of  sulphide  of  arsenio 
is  yellow,  and  that  of  sulphide  of  zinc  white.  Upon  this  fact  the 
appHcatiou  of  sulphuretted  hydrogen  as  a  tost  or  reagent  (that  is, 
as  a  means  of  detecting  and  identifying  many  metals)  is  iij  part 
based. 

211,  In  the  same  way  that  sulphuretted  hydrogen  can  be  em- 
ployed for  detecting  the  presence  of  metals,  so,  conversely,  solu- 
tions of  the  metals,  or,  in  some  cases,  the  metals  themselves,  may 
be  used  as  tests  for  sulphuretted  hydrogen. 

Exp.  90,- — Prepare  a  strong  aqueous  solution  of  nitrate  of  lead,  or 
better,  of  acetate  of  lead  (sugar  of  lead).  Wet  strips  of  white  paper 
3  to  4  cm,  wide  with  tliis  solution,  and  dry  them  in  air  which  is  free 
from  sulphuretted  hydrogen.  This  lead-paper,  as  it  is  called,  should  bo 
kept  for  use  in  tightly  stoppered  bottles. 
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Moiaten  ft  bit  oi  the  lead-paper  with  water  and  expose  it  to  Bome 
BDurcB  of  anlphiiretted  hydrogen — the  mouth  of  the  hottle  ol  siilphj- 
drie  acid  prepared  in  Exp.  86,  for  example,  or  tothefetidair  of  asawer. 
The  paper  will  immediately  he  blackened  from  formation  oi  sulphide 

The  blacken  n      fil       waefwth  d        \       1h 

haie  been  glaz  d  w  tb  a  prepa    tnfldatniiTmn      ! 
Bpnngb    d,nd    th      1      1  f       wb  Iphu    tt  d  h  J        n 

evolved    is,  m  1  k     m  ira  d     t        f  th    p  f  tb 

gas      Testa  hk    tb        wl    b  nt  nil  u     nd      m  I  t 

of  course,  mu  h  m       d  li  ate  means    f  d  t    t    n  tba    th    m    e 
odor  of  the  ga 

212.  Sulpb>  1  d  13  a  c  mp    nd    wh   h     s       ry     a  ly 

decomposed.      ^h  nil      b       d      t    1      k        {        t       t 

components;  a  d    t  e  Mj  d    t    j  d  hj  h  m     1 

agenta. 

Exp,  91.— To  a  gaa-bottle  such  as  was  employed  in  Exp.  86,  con- 
taining-sulphide  of  iron,  attach  a  chloride-of-calcium  tube  (Appendix, 
5  15)  aud  a  piece  of  hard  glass  tubing,  No.  4,  about  20  cm.  long.  To 
the  end  of  this  glass  tube,  attach  another  tube  hent  at  right  angles  and 
dipping  into  a  bottle  of  ■water.  Pour  chlorhydric  acid  into  the  gas- 
bottle,  so  that  sidphydric  acid  shall  be  freely  generated,  as  seen  by  the 
flow  of  bubbles  through  tie  final  bottle  of  water.  Aft«r  the  lapse  of 
some  minutes,  when  the  apparatus  has  become  completely  filled  with 
the  gas  and  the  last  portiona  of  air  have  been  expelled,  heat  the  middle 
of  the  tube  of  hard  glass  with  the  flame  of  the  gas-lamp,  and  observe 
the  ring  of  sulphur  whichwillcoUeet  upon  the  wall'j  of  the  cold  portion 
of  the  tube  a  short  distance  in  front  of  the  flarae. 

It  will  be  seen  in  subsequent  chapteis  that  'fe^eial  other  of  the 
gaseous  compounds  of  h3"drogeu  are  decomposed,  like  sulphj  di  ic  acid, 
upon  being  passed  through  hot  tubes. 

Tbe  influence  of  oxygen,  in  decomposing  the  aqueous  solution 
of  aulphydrio  acid,  has  been  alicady  alluded  to,  §  209  ;  it  has 
been  observed,  moreover,  that  air  contaminated  with  sulphydric 
acid  soon  becomes  odorless  of  itself,  oxygen  uniting  with  hydro- 
gen, as  before,  and  sulphur  being  set  free.  All  tbe  oxidizing 
agents  (that  is,  substances  which  readily  givo  up  oxygen)  decom- 
pose sulphydric  acid,  water  being  formed  and  sulphur  deposited. 

£xp.  92. — Into  a  test-tube  containing  4  or  5  c  c.  of  sulphuretted 
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hyflrogen-water  (Exp.  80),  pourhalf  as  niucli  concentrated  nitric  acid> 
Sulphur  will  be  deposited  and  nitrons  fumes  evolyed. 

Very  dilute  nitric  acid  will  not  thus  decompoae  sulphydric  acid. 

Chlorine,  bromine,  and  iodine  vapor  instantly  decompose  sul- 
phydric  aoid,  uniting  with  its  hydrogen  to  form  chlorhydric, 
bromhydric,  or  iodohydrie  acid,  while  sulphur  is  precipitated. 
H,S  +  2C1  =  2HC1  +  S. 

Hxp.  93.— In  place  of  the  nitric  acid  of  the  preceding  experiment, 
pour  a  few  drops  of  chlorine- water  into  the  solution  ol  aulphydric  acid, 
and  observe  that  the  odor  of  the  latter  is  destroyed. 

213.  PersulpTiide  of  Hydrogen  (H^S^  ?).— This  is  an  exceed- 
ingly unstable  liquid,  the  composition  of  ■which  is  not  accurately 
kaown,thoiigb  it  is  supposed  to  bo  analogous  to  that  of  the  peroxide 
of  hydrogen.  It  can  be  prepared  by  adding  a  solution  of  per- 
snlphide  of  calcium  to  diluted  eblorhydric  acid.  The  reaction 
may  be  conceived  to  take  place  in  accordance  with  the  foDowing 
equation : — 

CaS,  +  2HC1  =  CaCL,  +  H,S,  +  3S. 
Exp.  94.  Mix  76  or  100  grms.  of  flowers  of  sulphur  and  an  equal  weight 
of  slaked  lime  with  half  a  litre  of  water,  place  the  mixtiire  in  a  flask 
and  heat  it  to  boiling,  taking  care  to  agitate  the  flask  so  that  the  solid 
matter  may  not  become  impacted  upon  it.  Continue  to  boil  for  about 
an  houj",  then  filter  off  the  liquor  ftom  the  undissolred  portions  of 
sulphur  and  lime.  The  solution  thus  obtained  is  a  mixture  of  several 
sulphides  of  calcium,  more  highly  sulphuretted  than  the  protosulphide, 
but  will  serve  the  present  purpose  as  well  as  if  it  were  the  pure  quin- 
qui  sulphide. 

Pour  the  solution  of  sulphide  of  calcium  into  250  c.  e.  of  a  mixture 
of  2  parts  of  concentrated  chlorhydric  acid  and  1  part  of  water.  Per- 
sulphide  of  hydrogen  will  separate  in  fine  oily  drops,  producing  a  milky 
turbidity  in  the  liquid.  These  drops  soon  coalesce  and  settle  out  be- 
neath the  water.  A  good  way  of  collecting  the  pevsulphide  is  to  per- 
form tbe  precipitation  in  a  large  glass  fuunel,  provided  with  a  stopper. 
By  carefully  opening  this  stopper,  the  precipitated  oil  can  nearly  all  be 
drawn  off  without  disturbing  the  water  which  floats  above  it. 

Persulphide  of  hydrogen  emits  a  peculiar,  disagreeable  odor, 
and  is  very  irritating  to  the  eyes  and  mucons  membrane.  It 
tastes  sweet  and  bitter,  but  disorganizes  the  flesh  wherever  it 
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toaehes  it  Ita  properties  closely  resemble  those  of  peroxide  ot 
hvdrogin  it  ib  len  unstable  and  is  deonipmei  b\  the  same 
substanies  which  deatrov  the  oxide  It  cvm  drorapo'ies  spon- 
taneously when  kft  at  lest  for  a  few  dajs  ordmarj  vegetable 
colors  are  q  iioklj  bleached  by  it ,  it  dLColonzes  also  solutions  of 
mdigo 

214  In  the  last  sei,tiin  we  have  used,  for  the  first  time,  cer- 
tain technical  terras  which,  perhaps  need  brief  explanation, 
Ab  has  been  stited  m  §  70  manj  of  the  ekraLnts  arc  capable  of 
uniting  with  ither  elements  m  several  different  proportions  to 
form  chemicil  compounds  Sulphup,  for  example,  is  specially  apt 
to  form  more  than  fue  compound  with  a  single  element.  When 
sulphur  unites  with  a  metal  the  compound  formed  is  called  a 
sulphirf^,  just  as  a  compound  of  oxygen  and  a  metal  is  called  an 
oxide,  or  one  of  chlorine  and  a  metal  a  chloride, — the  termina- 
tion ide,  which  always  indicates  combination,  being  added  to  the 
first  syllable  of  the  word  sulphur,  or  oxygen,  or  chlorine,  and  the 
new  word  ending  in  ide  being  then  connected  with  the  name  of 
the  metal,  as  in  the  case  of  sulphide  of  copper,  Exp.  87.  But 
when,  as  in  the  ease  of  calcium,  there  are  several  distinct  sulphides, 
it  is  customary  to  distinguish  one  from  the  other  by  means  of 
various  Latin  and  Greek  prefixes.  Thus  the  compound  which 
contains  one  atom  of  sulphur  and  one  atom  of  calciuni  is  the  proto- 
sulphide,  or  simply  the  sulphide  of  calcium,  the  prefix  ^roio  being 
derived  from  the  Greek  word  for  first ;  the  compound  which  con- 
tains two  atoms  of  sulphur  to  one  of  calcium  is  the  bisulphide  of 
oaJoium,  from  the  Latin  for  twice  ;  and  in  like  manner  we  have 
a  tersulphide,  containing  three  atoms  of  sulphur  to  one  of  calcium, 
and  a  quinquisulphide  containing  five  atoms  of  sulphur.  The 
compound  containing  the  highest  proportion  of  sulphur  is  often 
called  the  persulphide.  A  good  custom  is  to  designate  the  com- 
pounds which  contain  more  sulphur  than  the  protosulphide  by 
prefixes  of  Latin  origin,  and  to  distinguish  those  which  may  con- 
tain leas  sulphur  than  the  protosulphide  by  means  of  Greek  pre- 
fixes ;  thus,  if  there  were  a  compound  of  two  atoms  of  calcium 
and  oneof  sulphur  (Ca,8)  it  would  properly  be  called  a  di-snlphide 
of  calcium,  the  prefix  being  from  the  Greek  Bit.  The  same  pre- 
fixes are  used  in  an  analogous  manner  in  connexion  with  the 
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words  oxide,  chloride,  bromide,  iodide,  and  the  similar  worda 
ending  ia  ide. 

215.  ConyioMwfo  of  Svlphur  and  Oxygen.— '^o  less  than  seven 
different  compounds  of  sulphur  and  oxygen  have  been  discovered, 
all  of  which  form  acids  by  union  with  water.  Thus  the  oxide  of 
sulphur  80^  forms,  by  union  with  the  elements  of  water,  common 
sulphuric  acid  H^SO^ ;  the  name  sulphuric  acid  being  indiscri- 
minately applied  to  both  bodies,  although  only  that  one  which 
contains  hj-drogen  possesses  the  properties  commonly  described 
by  the  term  acid. 

Two  of  these  compounds,  viz.  solphurous  aeid  (SO,),  and 
sulphuric  acid  (SOj),  have  long  been  known,  and  these  are  still, 
comparatively  speaking,  of  most  importance,  since  they  are  em- 
ployed upon  the  large  scale  in  the  arts.  Subsequently  there  were 
found  the  compounds  S^O,  (hyposulphuric  acid)  and  S^O^  (bypo- 
Bulphnrous  acid)  ;  and  at  a  still  more  recent  period  the  compounds 
S,0„  S^O,,  and  S,0.. 

As  long  as  only  two  compounds  of  sulphur  and  oxygen  were 
known,  they  were  distinguished  as  sulphurojw  and  sulphuric,  in 
atcordance  with  the  rule  laid  down  in  §  70;  when  the  two  com- 
pounds, SjOj  and  8,0,,  containing  respectively  less  oxygen  than 
sulphuric  and  sulphurous  acids,  were  discovered,  the  prefix  Jiypo 
yiss  resorted  to  as  explained  in  §  71  ;  lastly,  for  the  later-found 
acid  compounds  of  sulphur  and  oxygen,  the  ordinary  rules  of 
chemical  nomenclature  being  inadequate,  it  was  necessary  to 
invent  a  special  set  of  names.  They  were  all  called  Thionic  acids, 
from  the  Greek  word  for  sulphur,  and  were  then  distinguished 
from  one  another  by  the  prefixes  tri,  tetra,  anApenta,  in  accord- 
ance with  the  number  of  atoms  of  sulphur  in  each.  Strictly 
speaking,  the  compound  S^Oj,  since  it  contains  five  atoms  of  oxy- 
gen like  the  thionic  acids,  should  perhaps  follow  the  new  rule  and 
be  called  dithionic  acid,  but  it  is  still  customary  to  retain  the  old 
name  hyposulphuric  acid. 

The  complete  list  of  the  names  of  the  compounds  of  sulphur 
und  oxygen  is  as  follows  : — 

Sulphurous  acid SO, 

Sulphuric  acid       SO, 

Byposulphiu'ous  acid SjO, 
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Hvijoaulphiiric  acid  (or  Ditliionic  acid)     .     .   SjO; 

Triihionic  acid S^, 

Tetrathionic  acid        SjOj 

Pentathionie  acid       S.Oj 

Of  all  these  compounds,  only  sulphurous  acid  can  be  roiidily 

obtained  by  the  direct  union  of  sulphur  and  oxygen.     The  oihcrs 

mnst  be  prepared  by  circuitous  methods. 

216.  Sxdphurous  Add  (SOJ.— This  acid  is  produced  when 
sulphur  is  burned  in  the  air  or  in  pure  oxygen  gas. 

Exp.  93. — Iiight  ft  piece  of  sulphur  in  a  deflagrating'  spoon  Fig.  44 
and  suspend  the  latter  in  a  half-litre  bottle  full  of  lur.  On  \ 
examining  the  eontents  of  the  bottle,  ftfter  the  sulphur  has  ^^^^ 
ceased  to  burn,  there  will  be  found  an  irritating,  auttbcating  f  . 
gfts  having  the  peculiar  odor  which  is  familiftr  as  that  of  ^J  <;- 
a  burning  match.  The  bottle  is  now  full  of  =ulph«roaB  Sb? 
acid  gas,  mixed  with  the  nitrogen  originally  present  in  the  '' 

217.  By  burning  sulphur  in  oxygen  gas,  instead  of  in  air,  as 
in  the  preceding  experiment,  a  much  purer  product  could,  of 
course,  be  obtained.  But  the  espenmont  would  he  chiefly  intei*- 
esting  in  enabling  us  to  determine  synthetically  tho  composition 
of  sulphurous  acid. 

If  sulphur  be  burned  in  a  confined  Tolume  of  dry  oxygen  gas,  it  will 
he  found,  after  the  combustion  has  terminated,  and  the  gas  has  been 
allowed  to  regain  its  original  temperature,  that  the  volume  of  the  buI- 
phuroua  acid  produced  is  sensibly  the  same  as  that  of  the  original  oxy- 
gen, though  its  weight  is  twice  as  great.  Hence  1  volame  of  sul- 
phurous acid  gaa  contains  1  vohime  of  oxygen.  Now,  if  from  the 
weight 
Of  1  unit-volume  of  sulphurous  acid,  as  determined  by  es- 


We  subtract  the  weight  of  1  unit-volume  of  oxygen    .    .    .    15009 
The  -e  wjU  ren  am  .     16-287 

or  not  far  from  one  half  thp  n  mber  ^2  which  tj  resentf  the  real 
spec  flc  grav  ti  or  ec[ua!  \olume  we  ght  of  aulphur  t  por  Conae- 
q  enfU  1  vol  mie  oi  b  Ipl  urous  acid  gas  conti  ns  half  a  volume  of 
Bilphii  (ftpor  b  a  le  1  volume  of  oxien  Or  multiplyiug  these 
numbers  by  2  m  order  to  avoid  a  f  i  t  onal  vol  ra  it  appears  that 
the  volumetric  composition  of  sulpbinous  acid  is  1  volume  of  sulphur 
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vapor  »ud  3  volumes  of  oxygen  condensed  to  2  volumes  of  the  c 
pound  gaa.    Or,  expressed  in  the  form  of  a  diagram ; — 

n 


8O3      G4 


218.  An  easier  meliiod  of  preparing  pure  sulpturoiis  acid  is  by 
depriving  common  sulphuric  acid  of  part  of  its  oxygen.  This  can 
be  effected  hy  a  variety  of  reducing  or  deoxidizing  agents.  For 
example,  when  concentrated  sulphuric  acid  is  heated  with  metallic 
copper  or  mercury,  there  are  formed  asulphato  of  the  nietiil,  water, 
and  sulphurous  acid  : — 

Cn  +  2H^S0,  =  CuSO^  +  2H,0   +   80,. 

Exp.  96.— Into  a  thin-bottomed  glass  flask  of  half  a  litre  capacity, 
put  14  grms.  of  copper  clippings,  or  turnings,  and  oO  grms.  of  concen- 
trated sulphuric  acid.  Attach  to  the  flask  a  delivery-tube  and  connect 
this  with  a  aeries  of  Woulfe's  bottles,  such  aa  were  employed  in  the 
preparation  of  chlorhydric  acid  (Esp.  49) ;  heat  the  flask  over  the 
gas-lamp  until  the  acid  begins  to  react  upon  the  copper,  then  C(uickly 
withdraw  the  lamp  for  a  moment,  lest  the  contents  of  the  flaak  boil 
over,  and  finally  regulate  the  flame  so  that  a  steady  current  of  sulphu- 
rous acid  shall  pass  through  the  vtater  in  the  Wonlfe  bottles.  After 
the  first  tumultuous  evolution  of  gaa  has  subsided,  the  flask  can  be 
slowly  heated  without  further  trouble.  The  current  of  gas  should  be 
kept  up  until  the  water  of  the  first  bottle  has  become  saturated,  or,  at 
(he  least,  highly  charged  with  the  gas. 

Sulphurous  acid  is  freely  soluble  in  water,  which,  at  15°,  takes  up 
something  like  44  times  its  bu^k  of  the  gas ;  hence  the  solution  obtained 
Bsabove  may  be  used  as  a  convenient  vehicle  for  sulphurous  acid.  On 
account  of  this  easy  solubility,  the  gas  cannot  be  collected  over  water; 
but  it  can  be  collected  over  mercury,  or  by  displacement.  Since  the 
gas  is  more  than  twice  as  heavy  as  air,  the  method  by  displacement  is 
to  be  recommended,  if  an  efficient  ventilating  flue  is  at  command  to 
carry  ofi  that  portion  of  the  snfioeating  gaa  which  must  escape. 

Mercury  is,  in  some  respects,  better  than  copper  for  use  in  this  ex- 
periment. It  affords  a  much  more  regular  evolution  of  gas,  and  the 
operation  requires  less  care ;  but  copper  is  usually  employed  on  account 
of  its  comparatively  low  coaL 
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Instead  of  copper  or  mercury,  aa  in  the  foregoing  eiperiment,  other 
reducing- agents,  such  as  sulphur  or  charcoal,  niny  he  employed.  If  1 
part  ofpowdiired  sulphur  he  hoilcd  with  12  parts  of  strong  aiilphuric 
acid,  aulphuroiis  acid  is  set  free,  as  exhibited  by  the  following  equa- 

S  +  SHjSO^  =  3S0,  +  2HjO. 

The  evolution  of  gas,  in  this  case,  though  steady  and  uniform,  is 
comparatively  slow,  as  contrasted  with  that  of  the  experiment  in  which 
copper  is  employed ;  hence  the  process  is  usually  less  convenient  than 
that  with  copper. 

If  hits  of  charcoal  or  dry  sawdust  are  heated  with  sulphuric  acid,  a 
copious  evolution  of  sulphurous  acid  occurs,  though  the  gaa  is  not,  in 
this  case,  pure,  being  mixed  with  half  a  volume  of  carbonic  acid. 
C  +  SHjSO.  =  2S0j  +  OOj  +  SII^O. 

For  many  purposes,  as  in  the  preparation  of  the  aq^ueous  solution  of 
sulphurous  acid,  this  method  with  charcoal  ia  to  be  preferred,  on  the 
ground  of  economy  and  convenience  of  application.  In  the  laboratory 
it  is  perhaps  more  frequently  employed  than  either  of  the  others. 

Sulphurous  acid  may  also  ha  readily  prepared  by  heating  in  an  ig- 
nition-tube  a  mixtuie  of  4  parts  of  sulphur  and  5|  parts  of  black  oxide 
of  manganese,  both  inline  powder,  and  intimately  mixed,  A  mixture 
of  3  parts  of  black  oxide  of  copper  with  1  part  of  sulphur  answers  the 
same  purpose : — 

2S  +  nrnOj   =  SOj  -l-  MnS. 
8S  +  2CuO  =  SO,  -I-  2CuS. 

In  both  these  cases,  metallic  sulphides  are  left  as  a  residuum  in  the 

ignition-tube;  but  if  the  sulphur  and  black  oxide  of  manganese  be  mixed 

in  the  proportion  of  1  part  sulphur  to  5i  parts  of  the  oxide,  no  sulphide, 

but  only  protoxide,  of  manganese  will  he  formed. 

S  +  2MnO,  =  SO;  -I-  2MnO. 

219.  As  has  been  already  stated,  sialpliuroas  acid  gas  is  trans- 
parent and  colorless.  It  is  irrespirable  and  suffocating,  and  when 
mixed  with  air,  even  in  small  proportion,  occasions  violent  cough- 
ing. It  is  not  inflammable,  but,  on  the  contrary,  it  stops  com- 
bustion. 

The  flame  of  a  taper  is  immediately  extinguished  on  being  immersed 
in  sulphurous  acid  gas,  just  as  it  is  by  nitrogen.  A  useful  application 
of  tins  property  of  the  gas  is  in  extinguishing  burning  chimneys.  A 
handftd  of  fragments  of  sulphur  being  thrown  upon  the  hot  coals  in 
the  grate,  and  the  openings  of  the  lire-place  being  closed  in  such  a 
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manner  that  no  air  shall  enter  the  chimney,  excepting  ttat  which  paase* 
through  the  firo,  the  chimney  will  quickly  hecome  filled  with  an  atmo- 
ephere  of  sulphurous  acid  mixed  with  nitrogen  from  the  air  employed 
in  burning  the  sulphur,  and  the  burning'  soot  upon  the  walls  of  the 
chinmey  will  be  immediately  extinguished. 

It  is,  of  course,  essential  that  the  chimney  should  then  he  closed  at 
tie  top,  so  that  air  mny  be  excluded  and  the  chimney  kept  full  of  the 
fire -extinguishing  atmosphere  until  itswaOs  shall  have  cooled  to  below 
the  kindling  temperature  of  the  soot. 

The  oxygen  contained  in  the  enlphurous  acid  gas  is  ho  firmly 
held  that  combustibles  are  powerless  to  take  it  away  under  ordi- 
nary circumstances,  though  at  high  temperatures  this  oxygen  can 
he  removed  by  means  of  hydrogen,  carbon,  and  easily  oxidizable 
metals  like  potassium. 

"When  hydrogen  and  sulphurous  acid  gas  are  passed  together 
through  a  red-hot  tube,  water  is  formed  and  sulphur  deposited, 

4H  +  SO,   =  2H,0   +   8, 
and  when  sulphurous  acid  is  passed  through  a  tube  containing 
ignited  charcoal,  carbonic  acid  is  produced  and  sulphur  deposited, 
as  before. 

C  -h  SO,  =  CO,   +   S. 
In  ease  nascent  hydrogen  come  in  contact  with  sulphurous  acid, 
it  will  decompose  it  at  the  ordinary  temperature,  though  m  a 
manner  somewhat  different  from  the  foregoing.     The  sulphur,  as 
■well  as  the  oxygen,  will,  in  this  case,  combine  with  hydrogen, 
and  there  will  be  formed  sulphydric  acid  as  well  as  water. 
6H  -I-  SO,  =  2H,0  +  B:,8. 
This  reaction  may  be  made  visible  by  putting  a  few  drops  of  a  solu- 
tion of  sulphurous  acid  ("Exp  96)  into  a  ^'li-bottle  from  which  hvdro- 
gen  18  htmg  etched  (Exp  19}  aud  te'tin^r  the  hydi);!;en  with  a  itnp 
of  moistened  lead-paper  (Exp  90)  both  before  and  after  the  addition 
of  the  sulphurou"  acid 

220  Sulphurous  acid  cin  readily  be  condensed  to  the  liquid 
state  It  1^,  m  fact  rne  of  the  mo«t  eisilv  hquefiable  of  the 
gqses  Bv  mere  cooling  to  —10°,  under  the  ordmiry  pnsaure 
of  the  air,  it  is  conveited  into  a  colorless,  transparent,  hmpid 
hqmd 

Inprepanng  small  quantities  of  the  liquid,  itis  sufficient  to  lead  th« 
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gas,  prepared  from  copper  and  Buipburic  acid,  and  dried  by  passii^  it 
tiirough  sulphuric  acid  or  over  chloride  of  calcium,  into  a  U-tube  whicb 
13  immersed  in  a  freezing  iniiture  of  ice  and  salt  (3  parts  of  pounded 
ice  and  1  part  salt). 

Liquid  sulphurous  aoid  is  a  rather  heavy  liquid,  of  1'4911 
speciflo  gravity,  boiling  at  about  — 10°  and  solidifying  at  — 76", 
to  a  colorless  crystalline  solid.  On  being  exposed  to  the  air  at 
ordinary  temperatures,  the  liquid  acid  evaporatt^S  with  groat 
rapidity,  and  consequently  occasions  very  intense  eold.  By 
means  of  it,  mercury  may  be  frozen,  and  chlorine  and  ammonia- 
gas  liquefied. 

If  a  quantity  of  the  liquid  acid  be  poured  into  water,  the  tempera- 
ture of  which  is  a  few  degrees  above  0°,  a  portion  of  tho  acid  will  eva- 
porate at  onee,  another  portion  will  dissolve  in  the  water,  and  a  third 
portion  of  the  heavy  oily  liquid  will  iinlr  to  tho  bottom  of  the  vessel. 
If  the  portion,  which  has  thus  subsided,  be  stirred  with  a  glass  rod,  it 
will  boil  at  once,  and  the  temperature  of  the  water  will  be  so  much 
reduced  that  a  portion,  or  even  the  whole,  of  the  water  will  be  frozen. 
221.  The  specific  gravity  of  the  gaa,  as  determined  by  different 
observers,  is  32-256,  or  32'443,  or  32-558,  instead  of  32,  as  would 
be  indicated  by  theory.  This  Tariation  is  explained  by  the  fact 
that  sulphurous  acid,  like  all  tho  easily  condensihle  gases,  ceases 
to  confonn  exactly  to  the  law  of  Mariotte  at  temperatures  near 
to  its  point  of  condensation.  Under  any  given  pressure,  its 
volume  decreases  in  somewhat  larger  proportion  than  is  the  ease 
with  air  and  the  other  permanent  gases. 

An  important  property  of  sulphurous  acid  is  its  power  of 
bleaching  vegetable  colors.  It  is  extensively  employed  in  bleach- 
ing articles  of  straw,  wool,  silt,  &c.,  which  would  be  injured  by 
chlorine. 

Exp.  97. — Into  a  hottle  in  which  snlphur  has  been  humed  (Exp.  95) 
pour  a  few  teaspoonfuls  of  a  solution  of  blue  litmus,  and  shake  the 
hottle.  The  htmus  solution  will  first  become  red,  as  it  would  if  any 
other  add  than  sulphurous  were  present,  and  will  then  be  decolorized. 
The  same  property  may  be  illustrated  by  holding  a  red  rose  in  the 
fames  of  burning  sulphur,  or  by  immersing  the  rose  in  an  aqueous  solu- 
tion of  sulphurous  acid  (Exp.  96),  and  leaving  it  for  a  few  minutes 
nntil  it  has  become  white. 

In  the  same  way  the  stains  of  fruit  or  wine  can  be  removed  from 
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ElotluDg.  A  bit  of  sulphur  is  bunted  benead  a  small  open  cone  of 
paper,  which  serves  as  &  chimney,  and  the  stain,  having  first  been 
slightly  moistened  with  water,  is  held  in  the  fiunea  at  the  top  of  thia 
chimney.  The  cloth  should  finally  be  carefullv  washed  with  water  at 
the  place  where  it  has  been  exposed  to  the  sulphurous  acid. 

In  the  artSj  the  process  of  bleaching  is  usually  conducted  in  large 
chambers,  in  which  the  slightly  moistened  articlcB  are  hung  while 
sulphur  is  burned  below.  The  damp  goods  absorb  the  sulphurous  acjd 
and  gradually  become  white.  The  presence  of  water  is  essential; 
perfectly  diy  sulphurous  acid  will  not  bleach. 

222.  The  manner  in  which  sulphurous  acid  acts  as  a  bleacli- 
ing  agent  is  not  clear.  It  is  remarkable  that,  as  a  general  rule, 
it  does  not  actually  destroy  the  coloring-matter  ;  and  that  upon 
many  coloring- matters  it  has  little  or  no  action.  Most  of  the 
yeUows,  and  the  green  coloring- matter  of  leaves,  are  in  this  latter 
category,  and  upon  litmus,  cochineal,  and  logwood,  the  acid  does 
not  act  very  readily.  In  the  few  instances  where  it  really  de- 
stroys the  color,  as  in  the  case  of  the  garden  amarautbus,  it 
appears  to  act  as  a  deoxidizing  agent.  But  in  most  cases  it 
appears  to  enter  into  combination  with  the  coloring-matters  and 
to  form  colorless  compounds.  These  colorless  compounds  of  sul- 
phurous acid  and  coloring-matfer  can  bo  broken  tip,  with  restora- 
tion of  color,  by  exposing  them  ki  the  action  of  various  chemical 
agents  capable  of  expelling  sulphurous  acid. 

M-p.  9a— Bleach  a  rose,  as  in  Exp.  97,  and  immerse  it  in  dilute 
sulphuric  acid.  Then  dry  and  warm  it,  so  that  the  volatile  sulphurous 
acid  may  be  driven  off.     The  color  of  the  rose  will  again  appear. 

In  many  cases  a  solution  of  caustic  soda  will  restore  the  color  aa  well 
as  sulphuric  acid.  A  practical  illustration  of  this  action  of  alkaline 
solutions  is  seen  in  the  reproduction  of  the  original  yellow  color  of  the 
wool  when  new  flannel  is  washed  with  an  alkaline  soap. 

Sulphurous  acid  is  a  powerful  disinfecting  and  antiseptic  agent. 
It  retards,  to  a  remarkable  extent,  the  processes  of  putrefaction 
and  feiTuentation,  and  is  largely  employed  for  this  purpose  in 
wine-making;  hops  and  compressed  vegetables  are  charged  with 
it  to  the  same  end,  and  it  has  been  successfiiUy  employed  for 
prese;Tving  meat.  It  has  often  been  employed  in  medicine,  in 
the  treatment  of  skin  diseases,  as  a  fumigation. 

223.  Although  sulphur  will  not  take  up  more  than  two  atomi 
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of  oxygen  when  burned  in  the  air,  or  in.  oxygen  gas,  it  ia  never- 
theless a  matter  of  no  very  great  difficulty  to  cause  it  to  take  up 
a  third  atom. 

Id  presence  of  water  it  gradually  ahaorbs  oxygen  from  the  air, 
and  is  converted  into  Bulphurie  acid.  Hence  the  aqueous  solu- 
tioa  of  sulplim-oua  acid  (Exp,  9G)  cannot  ho  preserved  for  any 
great  length  of  time,  unless  it  be  kept  in  very  tight  vessels. 

224  If  a  mitture  of  sulphuruns  acid  gas  and  oxjgen,  or  air, 
be  brought  iii  contact  with  hot  platinum  «iponge,  the  sulphurous 
acid  will  unite  with  oxjgcn,  and  oulpburic  acid  will  be  formed; 
the  same  union  occurs  when  the  mixed  gases  are  brought  in  con- 
tact with  various  other  •substances,  such  is  puraice-'itone,  clay, 
and  tiie  oxides  ot  chromium,  iron,  and  copper  Several  attempts 
have  been  made  to  put  these  methods  in  piactice  for  manufac- 
turing sulphuric  acid,  but  they  haie  been  found  to  bo  too  slow, 
and  in  thi  case  of  platinum  and  Jay,  it  his  been  observed  that 
these  sub-tances  'foon  lose  their  power  and  cei'ie  to  convert  the 
mixed  gases  into  sulphuric  acid 

Sulphuroua  aeid  is,  indeed,  a  dcDxidizmg  iigent  of  very  con- 
siderable power  and  is  much  employtd  m  the  laboratorj'  as  a 
reducing  agent  It  decomposes  iodic  acid  with  si'paiation  of 
Lcdine,  and  nitni'  acid  with  evolution  ot  hyponitn  and,  sulphuric 
acid  being  formed  m  both  cases. 

1,0,  +  oHp  +   5S0,  =  5(2,0,80,)   +  21. 
H,0,N,0,  +  SO,     =  H,0,SO,        +  2N0,. 

JExp.  98. — Charge  a  dry  bottle,  of  the  capacity  of  a  litre  Yi".  45. 
or  more,  with  sulphurous  itpid  gas,  by  burning  in  it  a  bit  of  ^ 

sulphur,  as  shown  ia  Fig.  45.  Fasten  a  shaving,  or,  better,  ^^T^^ 
a  tuft  of  guu-cottou,  upon  a  glass  rod  or  tube  bent  at  one  j  . 
end  in  the  form  of  a  hook;  wet  the  shaving  in  concentrated  ^ ^^ 
nitric  acid,  and  hang  it  in  the  bottle  of  sulphurous  acid.  S.l&^ 
Eed  fumes  of  hjponitric  acid  will  immediately  form  about  ^^^1  _ 
the  nitrie  acid,  and  will  gradually  fill  the  bottle.  ^~~-2 

In  presence  of  a  mixture  of  water  and  chlorine,  sulphurous 
acid  takes  up  an  atom  of  oxygon  from  the  water,  while  th« 
hydrogen  of  tho  water  unites  with  chlorine. 

SOj  +  2H,0   +  201  =  H,0,SO,  +  2HC1. 
A  similar  reaction  occurs  between  iodine  and  sulphurous  aeid,  if 
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a  TGiy  large  amount  of  wator  be  present ;  in  spite  of  the  fact, 
already  mentioaed,  §  140,  that  iodohydric  add  is  readily-  detiom- 
posed  bv  eoncentrated  sulphuric  acid  with  liheration  of  iodijie, 
snlphurous  acid,  and  water. 

225,  Sulphuroua  add,  thoiigh  a  weak  acid,  forms  nmneronB 
well-defined  salts  by  uniting  with  metallic  oxides.  These  salts, 
called  sulphites,  are  of  two  classes, — simple  or  normal  sulphites, 
Bueh  as  the  sulphite  of  potassium  E^SO,  (or,  dualistic,  K:,0,S0  ), 
and  double  or  aeid  sulphites,  such  as  the  acid  sulphite  of  potas- 
sium KHSO,  (or,  dualistic,  KH0,80J.  All  tbe=e  salts  are  de- 
composed by  strong  adds,  such  as  chlorhydnc,  nitnc,  oi  sul- 
phuric, sulphurons  acid  being  expelled ;  but  they  are  not  decom- 
posed by  carbonic  acid.  On  the  contrary,  the  silts  of  carbonic 
acid  are  decomposed  by  sulphurous  acid;  and  hence  it  happens 
that  the  impure  sulphurous  add  gas  obtained  by  heating  a  mix- 
ture of  charcoal  and  sulphuric  acid  can  bo  used  for  preparing  the 
sulphites.  If,  for  example,  this  gas  be  conducted  into  an  aqueous 
solution  of  carbonate  of  sodium,  there  will  be  obtained  a  solution 
of  sulphite  of  sodium,  and  carbonic  acid  wiU  be  set  free. 

226  Besides  the  solution  of  sulphurous  ac"d  surh  is  was  pre- 
pared m  Lxp  96  there  is  a  dthnite  cryst-dlme  compomd  of 
water  and  the  acid  whi  h  can  be  obtained  by  pa  sing  a  cnnent 
ot  BiJpburous  acid  gas  into  ice  water  This  conpounl  is  very 
unstable  and  is  dcstioyed  at  temperatures  b  it  little  ibove  0° 
but  by  coUeoting  it  upon  a  cooled  filter  and  then  pre'iSing  the 
crystals  rep  atedly  between  folds  of  cold  blotting  pijer  it  has 
Veen  found  possible  to  remove  most  of  the  mother  h  juor  which 
adheres  to  them  at  first  and  to  obtain  the  con  p  und  n  a  condi 
tion  of  tolerable  purity  Ihe  c  mpcsition  cf  the  crystals  appears 
to  be  SO,-l-15H.O 

227.  Si^phuni  Aaid—lhe  term  sulphuric  acid  is  applied 
somewhat  indiBCrimmately  to  three  or  more  dihtimt  substances — 
Eamely,  to  a  compound  of  one  atom  of  sulphur  and  three  atoms 
of  oxygen,  feO^  which  we  shiL  call  anhjdrous  sulphuric  acid, 
and  to  ccitain  compounds  Df  sulphur,  oxygm,  and  l<ydrogen, 
which  bavt  leeu  usudly  rcgaided  as  compoundt>  of  the  an- 
hydrous sulphuno  acid  ]U8t  mentioned,  and  water  Of  these 
hydrates  the  moat  important  ace  those  ol  the  composition  HjSOj 
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(dualistie,  H^O.SO,)  [oH  of  TitriolJ,  and  H„8A  (dualisfio, 
H:jO,2SOj)  [Kordhansen  or  fuming  sulphuric  acid].  The  body, 
whose  foimula  is  H^SO^,  is  one  of  the  most  important  of  ciie- 
mieal  substances,  and  is  usually  the  thing  meant  when  sulpliurio 
acid  is  spoken  of.  We  will  therefore  proceed  to  study  its  pro- 
perties before  touching  upon  those  of  the  other  substances  above- 
mentioned. 

Sulphuric  acid  is  one  of  the  most  important  prodnote  of  che- 
mical manufacture,  and  is  made  in  eaormons  quantities.  In  the 
same  way  that  the  metal  iron  may  he  said  to  he  the  basis  of  all 
mechanical  industries,  suiphurie  acid  lies  at  the  foundation  of  the 
chemical  arts.  Hy  means  of  sulphuric  acid,  the  chemist  either 
directly  or  indirectly  prepares  almost  everything  with  which  he 
has  commonly  to  deal. 

Sulphuric  acid  might  be  prepared  by  passing  sulphurous  aeid 
gaa  into  boiling  nitric  aeid,  until  all  of  the  latter  had  been  re- 
duced, and  finally  distilling  off  the  last  traces  of  the  lower  oxides 
of  nitrogen  which  would  be  formed.  Even  if  sulphur  itself  were 
boiled  in  concentrated  nitric  acid,  it  wonld  gradually  be  oxidized 
and  converted  into  sulphuric  acid.  But  neither  of  these  pro- 
cesses would  be  economical.  It  can  bo  very  cheaply  prepared, 
however,  by  the  action  of  either  of  the  high  oxides  of  nitrogen, 
nitrous,  hyponitrie,  or  nitric  acids,  upon  sulphurous  acid,  in  pre- 
sence of  air  and  moisture;  and  this  method  is  the  one  actually 
followed  in  the  preparation  of  sulphuric  acid  on  the  large  scale, 
A  mixture  of  the  gases  above  mentioned  is  effected  in  enormous 
chambers  constructed  of  sheet  lead,  a  metal  upon  which  cold  sul- 
phuric acid  has  little  or  no  action. 

228.  The  essential  points  of  the  process  are,  first,  that  SO^, 
when  in  presence  of  much  moisture,  can  take  oxygen  from  either 
N,0,,  NO,,  or  B,0„  and  reduce  them  to  nitric  oxide,  NO,  while  it 
is  itself  converted  into  sulphuric  acid,  and,  secondly,  that  NO  can 
take  oxygen  from  the  air  and  become  NO^. 

In  practice,  the  sulphurous  add  is  obtained  by  burning  crude 
sulphur,  or  more  comraoDlj  a  compound  of  sulphur  and  iron,  known 
as  iron-pyrites,  FeSj ;  the  gas,  together  with  a  large  excess  of  atmo- 
spheric Mr,  is  then  conducted  into  the  Jicst  of  a  scries  of  leaden  cham- 
bers into  which  steam  is  admitted.    Nitrous  fumes  are  supplied  eithCT 
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by  allowing  nitric  acid  to  faU  in  fine  streams  through  the  incoming 
current  of  sulphurous  acid  and  wr,  or  from  tie  decomposition  of  a 
mixture  of  snlt,  nitrate  of  sodium,  and  eulphurio  acid,  es  described  in 
S  105,  or  by  heating-  a  vessel  charged  witli  nitrate  of  sodium  and  sul- 
phuric acid,  by  means  of  the  burning  sulphur. 

In  conformity  with  the  principles  above  stated,  the  sulphurous  acid, 
aB  soon  as  it  comes  in  contact  with  the  steam,  reacts  upon  the  nitrous 
fumes  i  there  is  formed  nitric  oxide  gas  and  hjdrated  sulphuric  acid, 
which  falls  to  the  floor.  But,  as  there  is  present  in  the  chamber  an 
excess  of  air,  the  nitric  03dde  immediately  unites  with  a  portion  of  the 
oxygen  therein  contained,  and  is  converted  into  hyponitric  acid. 
This  hyponitric  acid  immediately  reacts  upon  a  new  portion  of  sulphu- 
rous acid,  and  the  process  thus  goes  on  through  a  whole  series  of  leaden 
chambers,  the  very  small  portion  of  nitric  acid  at  first  taken  being  sulfi- 
dent  to  prepare  a  large  quantity  of  sulphuric  acid.  In  reality,  the 
oxygen  employed  in  converting  the  sulphurous  into  sulphuric  acid,  all 
comes  from  the  «r,  excepting  a  very  little  at  first ;  the  nitrous  fumes 
serve  only  as  a  conveyer  of  oxygen.  The  nitric  oxide  takes  oxygen 
from  the  air  and  transfers  it  to  the  sulphurous  acid,  which,  as  has  been 
stated  in  5  22-3,  is,  by  itself  and  unaided,  incapable  of  combining  with 
oxygen.  It  will,  of  course,  be  understood  that,  although  we  trace  out 
these  reactions  as  if  they  were  consecutive,  they  are  really,  so  far  ae  we 
know ,  simultaneous. 

Theoretically,  a  single  portion  of  hyponitric  acid  would  ibe  sufficient 
to  effect  the  conversion  of  an  unlimited  amount  of  sulphurous  into  sul- 
phuric acid ;  but  practically  this  power  is  qualified  by  a  variety  of  cir- 
cumstances. It  is  found  to  be  impossible,  for  example,  to  mix  new 
portions  of  air  with  the  mixture  of  sulphurous  acid  and  nitric  oxide 
for  an  indefinite  period ;  for  at  a  certain  point  these  gases  become  so 
loaded  down  with  nitrogen  derived  from  the  air  already  consumed,  that 
they  are  as  good  as  lost  in  it.  In  general  the  flow  of  gases  is  so  regu- 
lated that  all  the  sulphurous  acid  shall  be  oxidized,  and  that  nothing 
but  nitric  oxide  and  waste  nitrogen  shall  pass  out  of  the  last  leaden 
chamber. 

229.  The  process  of  manufacturing  sulphuric  acid  can  readily 
be  illustrated  upon  tie  email  scale. 

A  large  glass  balloon,  or  receiver,  of  the  capacity  of  several  litres, 
placed  in  a  vertical  position,  is  closed  with  a  cork  pierced  with  five 
holes,  through  four  of  which  are  passed  small  glass  tubes.  All  of  these 
glass  tubes  reach  nearly  to  the  bottom  of  the  balloon,  and  are  bent  at 
a  right  angle  above  the  cork;  one  of  the  tubes  is  connected  at  the  top 
with  a  flask  containing  copper-turnings  and  sulphuric  acid,  for  the 
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genetation  of  Buljihurous  acid  (see  Exp.  56},  another  with  a  flash 
contamiiig  copper-turnings  and  famished  with  a  thistle -tube,  thpm^h 
which  nitric  acid  can  be  poured,  for  the  generation  of  nitric  oxide  (see 
Exp.  37),  and  the  third  with  a  flask  containing  water  for  the  evolution 
of  steam ;  the  fourth  tube  and  the  liftli  hole  ore  both  left  opea 

Everything  being  in  readiness,  nitric  oxide  is  generated  in  the  small 
flaslt  fitted  for  this  purpose ;  as  the  gaa  passes  over  into  the  large  bal- 
loon it  unites  with  oxygen  from  the  air,  and  red  fumea  of  hyponitric 
acid  are  formed.  Sulphurous  acid  is  now  made  to  paas  into  ihs  bal- 
loon; this  will  have  no  action  upon  the  red  fumes,  so  long  as  there 
is  no  water  present,  but  the  moment  steam  is  thrown  in  from  the  third 
small  flask,  a  reactioa  occurs,  the  hyponitric  acid  is  reduced,  and  the 
sulphurous  acid  oxidized.  By  means  of  bellows,  air  must,  from  time 
to  time,  be  blown  into  the  ballocra,  through  the  fourth  glass  tube,  the 
■waste  nitrogen  passing  ofF  through  tie  fifth  hole  in  the  cork. 

If  but  little  steam  be  employed  in  this  experiment,  a  solid  compound, 
fonned  by  the  union  of  nitrous  and  anhydrous  sulphuric  acids,  is  liable 
to  be  deposited  upon  the  walls  of  the  balloon;  the  appearance  of  this 
body  always  Indicates  that  the  supply  of  steam  is  insufficient ;  it  is 
never  formed  when  the  proper  proportion  of  moisture  is  present. 

230.  The  sulphuric  acid  which  collects  at  the  bottom  of  the 
leaden  chftmbers  ia  necessarily  dilute,  because  of  the  large  amount 
of  water  which  must  be  present,  iii  order  that  the  reactions  above 
described  may  freely  occur;  moreover  it  would  not  be  advan- 
tageous to  allow  an  acid  more  concentrated  than  that  of  specific 
gravity  1-4  to  form  in  the  chambers,  since  a  stronger  acid  would 
absorb  and  retain  a  considerable  quantity  of  nitric  oxide.  To 
make  it  fit  for  the  purposes  for  \\hieh  sulphuric  acid  is  usually 
employed,  the  dUnte  acid  of  tlie  eiiambers  must  be  coucentrated 
by  expuUioa  of  the  water  ;  to  this  end,  it  is  run  off  into  shallow 
leaden  pacs,  and  there  evaporated  until  it  is  of  specific  gravity 
1'71  to  1'75.  The  concentration  cannot  safely  be  carried  beyond 
this  point  in  ordinary  leaden  vessels,  since  the  strong,  hot  acid 
begins  to  attack  tlie  metal,  and  tlie  temperature  at  which  the 
liquid  boils  is  so  high  a-s  to  approach  the  melting-point  of  lead. 
This  acid  of  1-72  specific  gravity  is  somewhat  extensively  em- 
ployed, for  a  variety  of  purposes,  at  the  factories  where  it  haa 
been  prepared,  but  is  still  too  dilute  lor  transportation.  It  is 
therefore  transferred  from  the  leaden  pans  to  large  pilass  retorts 
set  m  deep  sand  baths,  or  to  piatiuuni  stills,  and  there  evaporated 
further,  until  it  is  nearly  of  the  composition  H^SOj. 
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231.  The  acid  thus  boOed  down  is  the  concentrated  sulphuric 
acid,  or  oil  of  vitriol,  of  commcrco  ;  its  specific  graTity  is  usually 
about  1-83,  that  of  the  absolutely  pure  acid  being  1-842.  Besides 
this  slight  excess  of  water,  it  contains  also,  in  solution,  a  certain 
quantity  of  sulphate  of  lead,  and  a  variety  of  other  impurities. 
For  most  purposes,  however,  it  will  answer  as  well  as  the  pure 
acid.  Like  the  latter,  it  is  a  heavy,  oily,  colorless,  and  odorless 
liquid,  boiling  at  about  330°. 

Since  a  comparatively  small  amount  of  heat  is  absorbed  in  the  con- 
version of  the  lic[uid  acid  to  the  condition  of  gaa,  its  vapor  can  be  very 
easily  condensed ;  in  distilling  the  acid,  the  receiver  need  not  even  be 
placed  in  cold  water. 

From  the  eaine  cause,  combined  with  the  great  weight  of  the  liqnid, 
the  add  is  liable  to  boil  tuamltuoiisly,  the  act  of  ebullition  hein^ 
irregular  and  attended  with  violent  blows  or  shocks.  The  bubbles  of 
vapor  formed  at  the  bottom  of  the  retort  condense  almost  as  soon  as 
(hey  are  formed,  and  the  heavy  liquid  above  suddenly  falls  back  to  fill 

In  distilling  the  concentrated  acid,  it  is  therefore  beat  to  heat  only 
the  upper  portions  of  the  liquid  in  the  retort;  this  can  be  effected 
either  by  placing  the  retort  upon  a  wire-grate  so  perforated  that  about 
half  the  body  of  the  retort  can  be  sunt  below  the  level  of  the  burning 
charcoal  upon  the  grate,  or  by  placing  a  layer  of  ashes,  or  of  some 
other  bad  conductor  of  heat,  beneath  the  very  bottom  of  the  retort, 
then  piling-  sand  around  the  aides  of  the  retort  outside  of  the  ashes, 
and  applying  heat  beneath  the  iron  pan  upon  which  the  whole  is  sup- 
ported. 

232.  The  common  acid  usually  freezes  at  about  —■34°;  but  it 
has  been  found  possible  to  lower  the  freezing-point  to  —80°,  by 
adding  a  small  quantity  of  water  to  the  commercial  acid.  When 
once  frozen,  it  remains  solid  until  the  temperature  rises  to  about 
the  freezing-point  of  water.  Crystals  of  the  pure  add  melt  at 
about  10°.  At  the  ordinary  temperature,  sulphuric  acid  does  not 
vaporize,  but,  on  the  contrary,  greedily  absorbs  water  from  the 
air  and  so  increases  in  bulk.  In  moist  weather,  its  bulk  may 
increase  to  the  extent  of  a  quarter  or  more,  in  the  course  of  a 
single  day,  and,  by  longer  esposure,  a  still  larger  quantity  of  water 
wiU  be  taken  up ;  the  acid  must  always  be  kept,  therefore,  in 
tightly  stoppered  bottles. 
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Exp.  100. — Into  a  shallow  dish  of  about  200  c.  c.  eapacitj,  pour 
about  75  c.  c.  of  concentrated  sulphuric  acid ;  place  tHs  dish  of  acid 
upon  one  pan  of  a  balance,  and  npon  the  other  pan  put  enough  small 
shot,  or  dean,  dry  sand,  to  exactly  balance  the  acid.  Preserve  tie  ma- 
terial of  the  counferpoiae,  and  place  the  dish  of  acid  uncovered  in  the 
open  air;  from  day  to  day  replace  it  upon  the  balance,  together  with 
the  counterpoise,  and  note  the  number  of  grammea  or  fractions  of  a 
gramme  that  it  has  increased  in  weij.^ht. 

If  the  acid  were  allowed  to  stand  for  a  week  or  two  in  a  damp  place, 
it  mig'ht  become  two  or  three  times  as  heavy  as  it  was  at  first.  From 
its  power  of  absorhing  aqueous  vapor,  sulphuric  acid  is  often  employed 
for  drying'  gases.  (See  Appendix,  §  16.) 

233.  Witli  liquid  water  sulphuric  acid  unites  with  great  energy, 
much  h.eat  being  evolved  at  the  moment  of  combination  ;  during 
the  union  a  certain  amount  of  condensation  occurs,  the  mixture, 
when  cold,  occupying  less  space  than  was  previously  occupied  by 
the  acid  and  the  water.  The  water  and  acid  may  be  mixed  in 
all  proportions,  being  mutually  soluble  one  in  the  other. 

In  mixing  water  and  sulphuric  acid,  the  acid  should  always  be 
jonred  into  the  water,  in  a  fine  stream,  not  the  water  itAo  the  acid,— 
the  water  being  meanwhile  stirred.  In  this  way  the  heavy  acid  has 
an  opportunity  to  mix  with  the  water  as  it  aiolts  down  through  it. 

If,  by  any  accident,  water  were  to  fall  upon  sulphuric  acid,  it  would 
float  on  top  of  it,  and  great  heat  would  bo  developed  at  the  point  of 
contact  of  the  two  liquids;  if  the  quantities  of  acid  and  water  were 
lai^,  sudden  bursts  of  steam  would  be  occasioned  and  serious  damage 
might  arise  irom  the  scattering  about  of  portions  of  the  acid. 

In  mixing  water  and  commercial  sulphuric  acid  as  in  the  following 
experiment,  it  will  be  observed  that  the  solution  becomes  cloudy,  and 
that  a  white  powder  is  gradually  deposited  from  it.  This  precipitate 
is  sulphate  of  lead,  originally  derived  from  the  leaden  pans  in  which 
the  acid  was  concentrated ;  it  is  soluble  in  concentrated,  but  insoluble 
in  dilute  sulphuric  acid,  and  is  consequently  thrown  down  when  water 
is  added  to  the  commercial  acid. 

Exp.  101.— Place  in  a  bealter  glass  of  about  250  c.  c.  capacity,  30 
c.  c.  of  water;  iu  accordance  with  the  directions  above  given,  pour 
into  the  water  120  grms.  of  concentrated  sulphuric  acid,  and  stir  the 
mixture  vrith  a  narrow  test-tube  containing  a  leaspoonful  of  water. 
So  much  heat  will  be  evolved  during  the  union  of  the  water  and  the 
»cid  that  tie  water  in  the  test-tube  vrill  boiL 

234.  If  sulphuric  acid  be  mixed  with  ice  or  enow,  the  latter 
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will  be  immediately  liquefied.  If  tho  proportion  of  iee  in  the 
mixture  be  small,  as  compared  with  that  of  the  sulphuric  acid, 
heat  win  he  evolved  much  as  is  the  case  with  liquid  water,  though 
to  a  less  extent.  But  wlien  a  large  proportion  of  ice  is  mixed 
with  a  comparatively  small  quaatity  of  the  acid,  no  heat  will  be 
perceived,  but,  on.  the  contrai'y,  intense  cold. 

Exp.  102.~Plaee  in  a  beaker  glass  of  about  half  a  litre  capacity 
120  grras.  of  snow,  or  finely  pounded  ice ;  pour  upon  it  SO  gnns.  of 
concentrated  sulphuric  acid,  and  stir  the  mixture  with  a  test-tube  con- 
taining a  small  quantity  of  water.     The  water  in  the  tube  will  be 

jEiy.  103. — Repeat  the  foregoing  experiment,  using  30  grms.  of 
snow  or  ice  and  120  gmia.  of  sulphuric  acid,  A  very  considerable 
evolution  of  heat  will  occur,  as  may  be  seen  more  clearly  by  immersing 
a  thermometer  in  the  liquid. 

The  result  of  Exp.  102  seems,  at  first  sight,  inconsistent  with 
the  general  fact  that  heat  is  always  set  free  during  chemical  com- 
bination ;  for  though  clwmical  union  between  the  acid  and  water 
has  evidently  occurred,  no  heat,  hut  cold,  is  manifested.  The 
anomaly  is  only  a  seeming  one  ;  a  certain  amount  of  heat  is  re- 
quired, in  order  that  the  cohesive  force,  by  which  the  particles  of 
the  ice  are  held  together,  shall  be  overcome ;  hence  the  heat  ■which 
is  really  produced  by  the  chemical  combination  is  all  absorbed, 
together  with  much  more,  taken  from  the  materials  and  tie  vessel 
which  contained  them,  during  the  liquefaction  of  the  ice. 

235.  Besides  the  indefinite  mixture  or  solution  above  men- 
tioned, several  crystalline  compounds  of  anhydrous  sulphuric  acid 
and  the  elements  of  water,  of  fixed  composition  and  characteristic 
form,  can  be  prepared. 

If  the  commercial  acid  be  diluted  with  water  until  its  specific 
gravity  ia  reduced  to  1-78,  and  the  liquid  be  then  cooled  strongly, 
a  substance  of  composition  H^SO,  (dualistic,  2HjO,SOg)  will  crys- 
tallize out  in  the  form  of  large  rhombic  prisms.  These  crystals 
are  of  sp.  gr.  1-785 ;  they  melt  and  solidify  at  about  8°. 

A  second  hydrate,  of  composition  3HjO,SOj,  can  he  obtained 
hy  evaporating  a  dilute  acid  in  a  vacuum  at  the  temperature  of 
100°,  until  it  ceases  to  lose  weight ;  and  another  of  composition 
HjO,2SOj,  will  be  described  below  when  we  come  to  apeak  of 
fuming  sulphoric  acid. 
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236,  Snlphiirie  acid  is  one  of  the  most  powerful  acids  known, 
If  one  drop  of  it  be  diluted  with  a  thousand  tiroes  as  much  water, 
it  is  still  capable  of  reddening  hlue  litmus.  Tt  expels  most  of  the 
other  acids  from  their  compounds,  in  the  same  way  that  wo  have 
seen  it  espel  nitric  acid  from  nitrate  of  sodium  in  Exp.  32.  At 
very  low  temperatures,  however,  as  at  — 80°,  it  loses  its  power  of 
reddening  litmus,  and  has  no  action  upon  the  carbonates,  though 
it  acts  violently  upon  these  salts  at  the  ordinary  temperature. 

It  is  intensely  caustic  and  corrosive,  and  quickly  chars  and 
destroys  moat  vegetable  and  animal  substances, 

Exp.  104, — Into  a  test-g-lass  pour  a  tablespoonful  of  sulphuric  acid 
and  immerse  in  it  a  splinter  of  wood.  The  wood  will  blacken  as  if 
cbarred  by  fire,  and  the  acid  will  become  dark -colored.  Wood  is  com- 
posed of  carbon,  hydrogen,  and  oxygen ;  and  since  sulphuric  acid 
unites  with  compounds  of  hydrogen  and  oxygen,  rather  than  with 
carbon,  a  portion  of  tJie  latter  is  left  free;  some  carbonaceous  matter 
is,  however,  dissolved  by  fliB  acid  and  darkens  it.  The  acid  of  com- 
merce is  often  dark-colored,  from  fragments  of  straw  or  other  organic 
matter  having-  accidentally  fallen  into  it.  Sulphuric  acid  which  has 
been  colored  by  organic  matter  may  be  rendered  colorless  by  strongly 
heating  it  till  it  becomes  fully  concentrated. 

The  action  of  the  acid  npon  organic  matter  is  more  rapid  when  moist- 
ure is  present.  Thus,  if  a  few  drops  of  oil  of  vitriol  be  poured  upon 
dry  paper,  decomposition  will  take  place  only  slowly ;  but  if  a  little 
water  be  added  to  the  acid,  heat  will  ba  developed  by  the  chemical 
union,  and  the  paper  will  be  at  once  decomposed  by  the  hot  acid. 

237.  When  heated  with  ciiareoal  or  with  any  organic  matter, 
sulphuric  acid  gives  up  oxygen,  as  has  been  shown  in  Exp,  96, 
and  is  itself  reduced  to  sulphurous  acid ;  by  sulphur,  also,  and 
by  several  of  the  metala,  such  as  copper  and  mercury,  it  is  re- 
duced in  a  similar  way.  (See  Exp.  96.)  Towards  some  metals, 
such  as  zinc  for  example,  its  behavior  is  various,  according  as  it 
is  concentrated  or  dilute.  If  zinc  be  treated  with  cold,  dilute 
sulphuric  acid,  the  zinc  simply  replaces  the  hydrogen  of  the  acid, 
sulphate  of  zinc  is  formed,  and  hydrogen  is  set  free. 

Zn  +  H^SO,  =  ZnSO,  +  2H. 
But  if  zine  be  beated  with  concentrated  sulphuric  acid,  a  portion 
of  the  latter  is  reduced,  as  it  would  be  in  presence  of  copper  or 
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mercTiry,  sulphurouB  acid  is  evolved,  as  well  as  hydrogen,  and 
these  gases,  reacting  upon  each  other,  produce  snlphydric  acid  and 
a  deposit  of  snlphur,  in  accordance  with,  the  following  formnlai  ;— 
SO,  +  6H  =  H,8  +  2H,0. 
SO,  +  4H  =  8  +  2H,0. 
As  a  general  rule,  concentrated  snlpliiiric  acid  acts  hut  feebly 
npon  the  metals  in  the  eold,  though,  when  hoilod  npon  them,  it 
often  behaves  as  an  oxidirijig  agent. 

233,  With  the  oxides  of  the  metals,  snlphnric  acid  unites 
directly  to  form  the  vei-y  important  salts  ealled  sulphates,  water 
being  simultaneously  eliminated.  Oil  of  vitriol,  H^SO^,  may,  in 
fact,  be  itself'  regarded  as  a  salt,  in  the  composition  of  whicli,  hy- 
drogen fills  the  same  place  that  sodium  does  in  sulphate  of 
sodium,  NfljSOj,  and  it  might  well  he  called  sulphate  of  hydro- 
gen, were  it  not  that  usage  has  assigned  to  it  another  name. 
Besides  the  normal  sulphates,  in  which  al!  the  hydrogen  has  been 
replaced  by  a  metal,  as  above  (or,  on  the  dualistic  hypothesis, 
in  which  all  the  water  has  been  replaced  by  a  metallic  oxide), 
there  is  another  class  of  sulphates,  often  called  bi  or  acid  sul- 
phates, in  which  only  half  of  the  hydrogen  has  been  thus  re- 
placed ;  as  an  example  of  these,  the  student  will  recall  the  acid 
sulphate  of  sodium,  NaHSO^,  mentioned  in  §  101. 

Acids,  which,  like  sulphuric  acid,  contain  two  replaceable  atoms 
of  hydrogen,  and  are  therefore  capable  of  forming  two  series  of 
Baits,  are  called  bibasio,  in  contradistinction  to  the  monobasic 
acids,  like  nitric  add,  which  form  but  one  series  of  salta.  There 
is  but  one  nitrate  of  sodium,  for  example,  NaKOg.  It  is  for  this 
reason  that  many  chemists  object  to  the  doubled  formula  for 
nitiic  acid  HjNjOj,  in  spite  of  its  convenience,  because  this  for- 
mula suggests,  what  ia  not  true,  that  one  or  both  o£  the  atoms  of 
hydrogen  might  he  replaced  by  any  metal  which,  like  sodium, 
potassium,  or  silver,  replaces  hydrogen  atom  for  atom. 

239.  FKininff  Sulpkurk  Add.— The  acid  H^SO^,  above  de- 
scribed,  has  been,  for  nearly  a  century,  the  most  importaat  of  the 
several  varieties  of  sulphuric  acid ;  but  long  previous  to  the  dis- 
covery of  tho  process  of  making  it  in  leaden  chambers,  there 
was  manufactured  another  variety,  now  known  as  fuming  sul- 
phuric acid. 


sd  by  Google 


192  rUMINS  SUtPHTTEIC  ACID. 

This  fumiDg  acid,  or  Nordhausen  acid,  as  it  is  often  called, 
from  the  name  of  a  German  town  in  which,  large  quantities  of 
it  were  formerly  prepared,  was  at  first  obtained  by  distilling  in 
earthen  retorts  the  salt  now  known  as  sulphate  of  iron,  formerly 
called  green,  vitriol.  Hence  the  origin  of  the  name  oil  of  vitriol, 
which,  in  England  and  this  conntry,  has  come  to  bo  applied 
solely  to  the  common  acid  H^SO^,  though  it  is  still  used  as  a 
synonyme  for  the  fuming  a''id.  hy  GEerman  unters 

When  dry  sulphate  of  iron  is  exposed  to  a  full  red  heit,  it 
suffers  decomposition  ,  a  considi  i  able  quantity  of  Bulphuu  atid 
is  g^vea  off  and  can  be  colh  cteJ.  m  receivers  Tho  di-^tilldte 
thus  obtained,  which  is  a  densp  fummg  liquid  of  about  1  9  spe- 
cific gravity,  is  the  acid  now  m  question  Though  of  far  less 
importance  than  was  formerly  the  case,  eonsi  Vrable  quantities  of 
the  fuming  acid  are  still  prepared  for  the  purpose  ot  dissolvii^ 
indigo  and  for  other  spe(,ial  uses  where  an  acid  strongei  than 
the  common  acid  is  needed  It  may  be  regaided  as  i  solution 
of  varj-ing  quantities  of  the  anhydrous  acid  SOj  in.  the  common 
acid  HjSO^ ;  if  it  be  gently  heated,  all  of  the  anhydious  acid  will 
be  expelled,  and  common  snlphuric  acid  will  remain.  So,  too,  if 
it  be  exposed  to  the  air,  the  anhydrous  acid  will  be  given  off,  ;tnd, 
coming  in  contact  with  the  moisture  of  the  air,  will  coinbine 
therewith  to  form  common  sulphuric  acid,  which,  faUing  as  a 
cloud,  occasions  the  appearance  of  fumes. 

When  the  fuming  acid  is  cooled  to  about  — 5°,  a  crystalline 
compound  of  composition  ItjSjO,  (dualistic,  HjjO,2SOj)  separates 
out.  After  having  been  freed  from  liquid  acid,  these  crystals 
melt  at  35°.  When  pure,  the  fuming  acid  is  colorless ;  but  the 
commercial  article  is  often  brown,  from  having  been  in  contact 
with  organic  matter.  It  is  an  excessively  corrosive  liquid,  and 
destroys  most  organic  matters,  even  more  rapidly  than  the  com- 
mon acid.  On  being  dropped  into  water,  a  noise  is  emitted  as 
if  a  red-hot  bar  of  metal  had  touched  the  water, 

240.  AnhydTws  Sidphuria  Acid  (SO^J.^As  has  been  men- 
tioned in  §  224,  this  substance  can  be  obtained  by  passing  a  mix- 
ture of  sulphurous  acid  gas  and  oxygen  over  hot,  finely  divided, 
metallic  platinum,  or  over  various  oxides  and  other  porous  aub- 
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Exp.  lOo. — Prepare  a  small  quantity  of  platinized  aabeatoa  aa  fol- 
lows :  dissolve  about  0'2a  grm.  of  metallic  platinum  in  aqua  regia(5 104), 
and  s«ak  in  this  solution  as  mueh  soft,  porous  asbestos  aa  will  form  a 
loose  ball  of  1'5  cm.  diameter;  beat  the  wet  asbestos  gently  imtil  it 
has  become  dry,  and  then  ignite  it  in  the  flame  of  the  gas-lamp.  The 
chlorideofplatinura,  which  was  formed  by  the  solution  of  the  metal,  ia 
decomposed  by  heat,  ft.id  metallic  platinum,  in  a  finely  divided  condi- 
tion, is  left  adhering  to  the  asbestos. 

Select  a  tube  of  hai'd  glass,  No.  3,  about  30  cm.  long,  and,  at  a  dis- 
tance of  about  10  cm.  from  one  end,  bend  it  to  an  obtuse  angle,  so 
that  when  the  tube  is  supported  upon  a  ring  of  the  iron  stand  above 
the  gas-lamp  the  shorter  bent  portion  can  be  thrust  into  the  neck  of  a 
receiver ;  in  the  centre  of  the  longer  portion  of  the  glass  tube  pack  the 
platinized  asbestos  loosely;  then  force  into  and  through  the  tube  a  cur- 
rent of  mixed  sulphurous  acid  and  oxygen ;  at  the  same  time  heat  over 
the  gas-lamp  that  portion  of  the  tube  which  contains  the  platinized 
asbestos,  and  collect  the  anhydrous  sulphuric  acid  which  is  fonned  in  a 
perfectly  dry  t*at-tube  or  U-tube  immersed  in  ice,  or,  better,  ia  a  freez- 
ing-misture  of  ice  and  salt.  In  the  course  of  the  experiment,  lift  up 
the  receiver  for  a  moment,  pour  out  from  it  a  little  of  the  vapor  of 
anhydrous  sulphtu'ic  acid,  with  which  it  is  filled,  and  observe  how 
rapidly  the  heavy  gas  falls  through  the  air,  and  the  cloud  which'  forms 
as  it  unites  with  moisture. 

The  mixture  of  siUphurous  acid  and  osygeu  may  be  made  before  the 
experiment  in  a  smaU  gas-holder,  or,  as  well,  during  the  progress  of 
the  experiment  in  a  botlie  behind  the  asbestos  tube.  This  bottle,  which 
should  be  of  at  least  half  a  litre  capacity,  ia  fitted  with  a  cork  car- 
rying, three  glass  tubes,  and  is  connected  with  the  asbestos  tube  by  one 
of  these  tubes,  which  reaches  no  lower  than  the  cork;  by  the  other 
tubes,  which  pass  nearly  to.  the  bottom  of  the  bottle,  and  dip  beneath  tlie 
surface  of  a  layer  of  common  sulphuric  acid,  which  has  been  placed 
in  it,  the  bottle  is  connected  with  a  fiask  in  which  sulphurous  acid  is 
being  generated  (Exp.  98),  and  with  a  gas-holder  containing  oxygen. 
The  sulphuric  acid  in  the  bottle  serves  to  dry  the  gases,  and  the  rapidity 
with  which  the  bubbles  of  gas  pass  through,  the  liquid,  enables  the 
operator  to  judge  of  the  proportions  in  which  the  gases  are  being 
mixed ;  the  flow  of  oxygen  having  been  fixed  at  a  moderate  rate,  once 
for  all,  the  sulphurous  acid  will  alone  need  attention. 

The  action  of  the  platinum  in  this  experiment  is  obscure  ;  it  will  be 
treated  of  under  the  metal  platinum. 

Instead  of  the  platinized  asbestos,  oxide  of  iron,  oxide  of  copper,  or 
oxide  of  chromium,  or,  better,  a  nu>:tiuce  of  the- lest  two  can  he  heated 
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in  tie  tube  through  which  the  mixed  gasea  are  passing.  These  pro- 
cesses of  preparing  sulphuric  acid  are  interesting  from  a  scientific  point 
of  view,  hut,  as  has  been  already  stated  (§  224),  they  do  not  admit  of 
commercial  application. 

Anhydrous  sulphuric  acid  can  readily  be  prepared  by  heating  the 
Nordhausen  acid  (see  S  239)  :— 

20  or  SO  grms,  of  fuming  sulphuric  acid  are  poured  into  a  perfectly 
dry,  f  mall  glass  retort ;  the  neck  of  the  retort  is  thrust  into  a  dry,  cold 
receiver,  and  the  acid  is  alowlv  heated  until  it  boils  moderately.  The 
vapor  of  the  anhydrous  add  will  condense  and  solidify  in  the  receiver. 
The  anhydrous  acidmay  also  be  obtained  by  distilling  dry  bisulphate 
of  sodium.  The  bisulphate  is  prepared  by  heating  a  mixture  of  3  parts, 
by  weight,  of  dry  sulphate  of  sodium  and  2  parts  of  common  sulphuric 
acid,  until  the  mixture  fuses.  All  the  water  of  the  acid  is  thus  elimi- 
nated:— 

Na,0,SO,  +  Hi,0,S03  =  Na20,2SOj  +  H^O. 
The  bisulphate  of  sodium,  on  being  distilled  in  an  eatbern  retort,  will 
^¥6  up  one  molecule  of  anhydrous  sulphuric  acid,  and  a  residue  of 
normal  sulphate  of  sodium  will  remain  in  the  retort: — 
Na30,2S03  =  Na^OjSO,  +  SO,. 
241.  As  thus  prepared,  anhydrous  sulphurie  acid  is  a  glisten- 
ing white  solid  mass  of  silky,  crystalline  fibres,  somewhat  resem- 
bling asbestos ;  it  is  tough  and  ductile,  and  can  be  moulded  with 
the  fingers  like  was.  So  long  as  no  water  is  present,  it  can  be 
handled  without  danger ;  when  perfectly  dry,  it  is  not  corrosive, 
nor  does  it  even  react  upon  blue  litmus.  It  nnit<?s  with  water, 
however,  with  great  avidity,  and  is  converted  into  common  sul- 
phuric acid.  It  rapidly  absorbs  water  from  the  air  and  deli- 
quesces ;  at  the  same  time  it  forms  dense  fumes ;  for  it  is  volatile, 
to  a  very  considerable  extent,  at  the  ordinary  temperature,  and 
its  vapor  combines  with  the  moisture  of  the  air.  On  being 
brought  in  contact  with  a  small  quantity  of  water,  it  combines 
with  it  with  explosive  violence,  and  much  heat  is  evolved.  If  a 
bit  of  it  be  thrown  into  a  large  quantity  of  water,  the  water 
hisses  as  if  a  hot  iron  had  been  thrust  into  it.  Owing  to  ita 
great  tendency  to  deliquesce,  the  solid  acid  can  only  be  preserved 
in  dry  tubes  sealed  at  the  lamp. 

The  specific  gravity  of  anhydrous  sulphuric  acid  is  1-97,     It 
melts  Teadilyapon  ;heing  heated;  but  it  has  been  noticed  that 
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some  samples  melt  far  more  easily  than  others.  There  appear 
to  be  two  distinct  varieties  of  the  acid;  for  in  some  cases  a  tem- 
perature of  18"  is  sufficient  to  render  the  mass  fluid,  while  in 
others  the  heat  must  be  carried  even  to  100°,  The  easily  fusible 
modification  appears  to  change  gradually,  by  keeping,  into  that 
■which  is  more  difficultly  fusible ;  and  the  latter  seems  to  he 
changed  to  the  former  by  distillation.  The  melted  acid  boils  at 
about  35°,  and  evolves  a  colorless  and  transparent  vapor,  three 
times  as  heavy  as  air,  which,  upon  coming  in  contact  with  the 
air,  unites  with  moisture  and  forms  dense  white  fumes.  When 
brought  in  contact  with  hot  lime  or  baryta  (oside  of  calcium  and 
oxide  of  barium),  it  unites  with  them  directly;  intense  heat  is 
evolved,  and  there  is  formed  sulphate  of  calcium  or  sulphate  of 
barium: — 

CaO  +  SO,  =  CaSO,  =  CaO.SO,. 
242.  On  being  exposed  to  a  strong  red  heat,  the  vapor  of  an- 
hydrous sulphuric  acid  splits  up  into  oxygen  and  sulphurous 
acid — two  volumes  of  it  yielding  two  volumes  of  sulphurous  acid 
and  one  volume  of  oxygen.  As  has  been  shown  in  §  217,  two 
volumes  of  sulphurous  acid  gas  contain  one  volume  of  sulphur 
vapor  and  two  volumes  of  ox^en;  hence  it  follows  that  the 
volum  etric  composition  of  anhydrous  sulphuric  aeid  is  one  volume 
of  sulphur  vapor  and  three  volumes  of  oxygen,  the  whole  con- 
densed to  two  volumes.  The  specific  gravity  of  sulphur  vapor  is 
32,  that  of  oxygen  is  16,  and  the  proportions,  by  weight,  in  which 
sulphur  and  oxygen  are  united  in  anhydrous  sulphuric  acid,  are 
consequently  32  and  16x3=48,  the  combining  weight  of  sul- 
phuric acid  being  32+48=80.  The  combining  weight  of  sul- 
phuric acid  can  also  be  readily  determined  in  a  manner  analogous 
to  that  employed  in  the  case  of  nitric  acid  (§  73),  by  saturating 
with  the  common  acid  a  known  quantity  of  oxide  of  lead, 
evaporating  ofi'  the  water  and  excess  of  acid,  and  then  determining 
the  weight  of  the  dry  sulphate  of  lead  which  is  'formed.  By 
subtracting  from  the  latter  the  weight  of  the  original  oxide  of 
lead,  we  obtain  the  weight  of  the  sulphuric  acid  which  has  com- 
bined with  it.  Experiment  wdl  show  that  the  weight  of  this 
sulphuric  aeid  is  to  that  of  the  oxide  of  lead  in  the  ratio  of  80 
to  223. 
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The  facility  with  which  sulphiiric  acid  is  decomposed  at  a  red 
heat  (§  242)  is  the  basis  of  a  very  economical  method  of  prepa- 
ring oxygen  gas  in  large  quantities  for  mamifactu  ring -purposes. 
Commercial  sulphuric  acid  is  allowed  to  drop  upon  fragments  of 
red-hot  porcelain,  there  to  be  decomposed,  in  accordance  witli 
the  formiila 

H^SO,  =  SO,  +  0  -I-  H,0, 
and  the  products  of  the  decomposition  are  then  washed  with 
water,  bo  that  the  sulphurous  acid  may  be  absorbed,  the  steam 
condensed,  and  the  oxygen  left  free.  Here  again,  aa  in  mir 
earlier  experiments  (§  10),  the  osygen  has  really  been  obtained 
firom  the  air ;  and  if  it  were  desirable,  the  solution  of  sulphurous 
acid  obtained  in  washing  this  oxygen,  might  be  placed  in  the 
leaden  chambers  and  again  be  converted  into  sulphuric  aeid  by 
the  addition  of  oxygen  from  the  air. 

243.  Hypomlphurous  Acid  (S^O,)  bas  never  been  obtained 
in  the  free  state,  nor  is  any  compound  of  it  with  water  known  ; 
but  there  are  numerous  saline  compounda  of  which  it  makes 
part,  and  some  of  these  are  of  considerable  importance  in  the 
arts.  These  salts,  called  hyposulphites,  can  be  prepared  in 
Tarious  ways, — for  example,  by  digesting  sulphur  in  a  hot  (but 
not  boiling)  concentrated  solution  of  an  alkaline  sulphite.  If  sul- 
phite of  sodium  be  taken,  the  reaction  can  bo  thus  formulated, 

Nap,SO,  -I-  8  =.  N&fi,Sfi^. 
Another  method  of  preparing  the  hyposulphites  is  to  pass  a  cur- 
rent of  sulphurous  acid  gas  through  the  solution  of  aa  alkaline 
sulphide,  until  no  further  precipitation  of  sulphur  occurs : — 
2CaS  -h  3S0j  =  2(CaO,Spj  -f-  8. 
"WLen  a  hyposulphite  is  treated  with  a  strong  acid,  decompo- 
sition immediately  ensues;  S^Oj  breaks  up  into  SO^-I-S;  hence 
our  inability  to  isolate  the  acid. 

Some  of  the  hyposulphites  will  be  more  fully  described  when 
we  come  to  treat  of  the  metals. 

244.  Other  Gonipounda  of  Sulphur  and  Ox'jgen. — With  the 
exception  of  hyposulphuric  acid,  S^Oj,  none  of  these  compounds 
(see  §  215)  have  been  very  thoroughly  studied ;   any  detailed 
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description  of  the  methoda  of  preparing  them  would  be  out  of 
place  in  an  elementary  manual. 

245.  Compounds  of  SiAphw  and  Chlorine. — Chlorine  and  sul- 
phur combine  with  one  another  directly  and  readily,  forming 
several  different  compounds,  whose  properties  vary  in  aceordanee 
with  the  varying  proportions  of  chlorine  and  sulphur  which  they 
respectively  contain. 

246.  DiMoride  of  Sulphur  (SCI)  is  the  best-known  of  the 
compounds  of  chlorine  and  sulphur,  and  is  often  called  simply 
chloride  of  sulphur. 

It  can  be  prepared  by  passing  a  current  of  dry  chlorine  tiirough  a 
flask  or  tubulated  relort  containing  flowers  of  sulphur.  The  chlorine 
is  rapidly  absorbed  by  the  sulphur,  and  care  must  be  taken  lest  the 
mass  become  too  hot.  The  reddish -yellow  liquid,  obtained  as  the 
result  of  the  reaction,  is  a  solution  of  sulphur  indichloride  of  sulphur; 
by  distilling  it  the  excess  of  sulphur  can  be  separated. 

Diehloride  of  sulphur  is  a  yellowish-brown  liquid  of  1-68 
specific  gravity,  and  boiling,  without  decomposition,  at  144°. 
It  emits  a  peculiar  odor,  which  has  been  likened  to  that  of 
sea-plants ;  its  vapor  excites  tears,  and  its  taste  is  acid,  acrid, 
and  bitter.  It  fumes  strongly  in  the  air,  being  decomposed  fay 
the  moisture  of  the  air  with  evolution  of  chlorhydric  acid.  It  is 
decomposed  by  water,  but  can  be  mixed  with  bisulphide  of  car- 
bon and  with  benzine.  It  is  remarkable  as  a  powerful  solvent 
of  sulphur ;  100  parts  of  diohloride  of  sulphur  can  talte  up  about 
70  parts  of  sulphur  at  the  ordinary  temperature  ;  on  slowly  cool- 
ing the  hot  saturated  solution,  beautiful  crystals  of  sulphur  are 
deposited.  Dichloride  of  sulphur  is  used  in  a  process  of  vulcan- 
izing caoutchoue,  known  as  the  cold  process. 

247.  Chloride  of  Sulphur  (SCl^).— This  compound  is  formed 
when  sulphur  is  treated  with  an  excess  of  dry  chlorine,  or  when 
a  current  of  chlorine  is  passed  into  dichloride  of  sulphur ;  the 
dichloride  requires  some  278  times  its  own  bulk  of^chlorino  gas, 
and  absorbs  it  very  slowly.  Chloride  of  sulphur  is  a  red  liquid, 
of  1'625  specific  gravity.  It  exhales  suffocating  and  irritating 
fumes  of  chlorine  and  the  dichloride,  since  it  slowly  decoraposea 
when  kept.  The  decomposition  is  particularly  rapid  in  a  strong 
light ;  and  so  much  gas  is  evolved  that  a  tightly-stoppered  bottle 
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containing  chloride  of  sulphur  will  explode,  after  a  time,  if  it 
T)u  placed  in  sunlight,  Oa  being  heated,  the  liquid  gives  off  so 
much  chlorine  at  SO**  that  it  seems  to  hoil ;  but  tlie  temperature 
gradtially  rises  to  64°,  which  appears  to  be  the  real  boiling-point 
of  the  liquid.     It  is  slowly  decomposed  by  water. 

The  density  of  its  vapor  has  been  found  to  be  53 ;  admitting 
that  the  gas  is  composed  of  one  volume  of  sulphur  vapor  and  two 
volumes  of  chlorine,  condensed  to  two  volumes  of  vapor,  the  cal- 
culated specific  gravity  of  its  vapor  would  be  51-5,  In  view  of 
the  instability  of  the  compound,  the  experimental  result  is  suf- 
ficiently near  coincidence  with  the  calculated  number  to  make  it 
certain  that  the  composition  of  the  gas  is  really  as  above  stated. 

248.  The  other  compounds  of  sulphur  with  chlorine,  and  with 
chlorine  and  oxygen,  need  not  here  be  discussed ;  and  the  same 
remark  applies  to  the  compounds  formed  by  the  union  of  sulphur 
with  iodine,  bromine,  fluorine,  and  nitrogen.  The  compounds  of 
flulphur  with  carbon,  phosphorus,  arsenic,  and  the  metals  will  be 
treated  of  hereafter. 
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249.  These  elements  are  rare,  and  of  little  or  no  industrial 
importance ;  but  to  the  chemist  they  are  exceedingly  interesting, 
on  account  of  the  close  resemblance  they  bear  to  sulphur.  The 
three  elements,  sulphur,  selenium,  and  tellurium,  constitute  a 
group  which  is  equally  remarkable  with  that  formed  by  chlorine, 
bromine,  and  iodine.    (See  §  152.) 

250.  Selenium,  8e,.  is  never  foimd  in  any  considerable  quan- 
tity in  any  one  place.  Traces  of  it  occur  in  many  varieties  of 
native  sulphur,  and  in  various  metallic  sulphides.  It  is  now 
obtained  chiefly  from  the  sulphides  of  iron,  copper,  and  zinc. 
These  sulphides  often  contain  minute  traces  of  seleniuni,  though 
the  quantity  ia  sometimes  so  small  that  it  can  hardly  be  detected 
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by  the  ordinary  methods  of  analysis.  When  these  sulphides  are 
burned  for  the  purpose  of  manufacturing  sulphuric  acid,  or  in 
metallurgical  operations,  the  selenium  goes  off  with  the  sulphu- 
rous acid  produced  hy  the  combustion,  and  is  deposited  either  in 
the  dust-flues  of  the  furnaces  or  upon  the  floors  of  the  leaden 
chambers  at  the  sulphuric-acid  works.  In  tiiis  way  the  selenium 
from  hundreds  of  tons  of  the  pyritflus  ores  is  collected  and  con- 
centrated to  a  comparatively  small  bulk.  The  deposit  taken 
from  the  leaden  chambers  of  some  sulphuric-acid  works  contains 
as  much  as  from  2  to  10  per  cent,  of  selenium.  The  methods  of 
obtaining  pure  selenium  from  these  deposits  are  founded  upon 
the  facts  that  by  tieatmont  with,  nitric  acid  or  aqua  regia  the 
selenium  can  all  be  oxidized  and  converted  into  selenions  acid 
(SeOj),  that  selenious  acid  is  soluble  in  water,  and  that  when  a 
solution  of  it  is  treated  with  sulphurous  acid,  the  selenious  acid 
is  reduced  and  pure  selenium  deposited. 

SeO,  -!-  2S0,  =  280,  -|-  Se. 
251.  In  its  properties  and  in  its  chemical  beharior,  selenium 
resembles  sulphur  in  many  respects,  while  in  others  it  is  like 
tellurium.  lake  sulphur  and  oxygen,  it  occurs  in  distinct  allo- 
tropic  modifications  (§§  162,  196).  The  precipitate  obtained  by 
mixing  solutions  of  aulphuroua  and  selenious  acids  is  of  a  deep 
red  color,  almost  like  that  of  cinnabar.  But,  after  having  been 
fused  and  suddenly  cooled,  selenium  appears  as  a  brilliant  black 
mass,  amorphous,  like  glass,  and  of  4-3  specific  gravity.  When 
fused  selenium  has  been  slowly  cooled,  it  appears  as  a  dark-grey, 
very  brittle,  crumbling  mass,  of  crystalline  or  granular  structure 
and  a  metallic  lustre  like  that  of  lead ;  the  specific  gravity  of 
this  variety  ia  4-81.  The  amorphous  or  vitreous  modification  of 
selenium  does  not  conduct  electricity ;  but  the  granular  or  crystal- 
line variety  conducts  it,  and  the  more  readily  in  proportion  as  it 
is  hotter.  The  specific  heat  of  selenium,  at  the  ordinary  tem- 
perature, is  0'0746,  being  the  same  for  both  the  wtreous  modifi- 
cation and  that  with  metallic  lustre.  The  vifreous  variety  ifl 
soluble  in  bisulphide  of  carbon,  but  the  granular  variety  ia  in- 
Bolnble  in  that  liquid. 

a  melts  readily  upon  being  heated,  and  the  liijuid  thus 
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obtained  boiJs  at  about  700°,  being  converted  into  a  darlt  yellow 
vapor,  the  specific  gravity  o£  which  has  been  found  to  be  82'3, 
The  atomic  weight  of  selenium  has  been  determined  to  be  79-5. 
This  discrepancy  between  the  vapor- density  and  the  atomic  weight 
is  to  be  ascribed  to  the  imperfection  of  the  experimental  deter- 
minations. Of  itself,  selenium  has  neither  taste  nor  odor.  When 
heated  in  tho  flame  of  a  lamp,  it  hnms  with  a  beautiful  blue 
flame  and  exhales  a  peculiarly  offensive  odor,  like  that  of  putrid 
horseradish, — selenious  acid,  SeO^,  being  the  chief  product  of  tb.e 
reaction. 

Selenium  combines  with  most  of  the  elements,  usually  in  tho 
same  way  as  sulphur,  though  not  always,  since  it  is  a  weaker 
chemical  agent  than  sulphur;  ita  compounds  are  as  a  rule  some- 
what less  stable  than  the  corresponding  sulphur  compounds. 
With  oxygen,  it  forms  selenious  acid,  SeO,,  and  selcnio  acid, 
SeO,, — analogous  to  sulphurous  and  sulphuiic  acids  respectively. 
Besides  these,  there  is  a  lower  oxide,  SeO  (?) ;  it  is  a  colorless 
gas,  having  tho  strong  and  disagreeable  odor  like  horseradish 
before  mentioned. 

252.  Both  selenious  and  selenic  acids  form  numerous  salts, 
which  closely  resemble  the  corresponding  sulphites  and  sulphates 
in  composition  and  in  many  of  their  properties.  Normal  seleniate 
of  potassium,  for  example,  K^SeO^,  cannot  be  distinguished,  by  ita 
external  appearance,  from  sulphate  of  potassium,  K^SO,,^ — tho 
crystalline  form  of  the  two  bodies,  as  well  as  their  texture,  color, 
and  lustre,  being  identical.  If  solutions  of  these  two  salts  be 
mixed,  neither  of  the  salts  can  subsequently  be  cryBtallized  out 
by  itself  when  the  solution  is  evaporated;  the  crystals  obtained 
will  be  composed  of  sulphate  of  potassiom  and  seleniate  of  po- 
tassium mixed  in  the  most  varied  proportions.  Bodies  which 
are  thvis  capable  of  crystaUizing  together  in  all  proportions,  with- 
out alteration  of  the  crystalline  form,  are  said  to  be  tsomorphout 
(like -formed).  The  formulie  of  the  two  isomorphous  salts,  just 
mentioned,  differ  only  in  this — that  the  one  contains  the  atom 
8e,  where  the  other  contains  the  atom  8.  It  is  therefore  pos- 
sible to  replace  32  parts  by  weijaiht  of  sulphur  by  79-5  parts  of 
selenium,  or  79'it  of  selenium  by  32  of  sulphur,  without  chynging 
the  crystalline  form  of  the  salts;   it  follows  that  32  parts  by 
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weight  of  solid  sulphur,  and  79'5  parts  of  solid  selenium,  occupy 
the  same  space.  That  this  is  actually  the  case  may  be  shoim 
by  compsiriug  the  quotients  obtained  by  dividing  the  afamio 
weiglits  of  the  two  elements  by  their  specific  gravities;  these 
quotients  will  be  found  to  be  equal,  or  as  nearly  equal  as  the 
limits  of  error  of  the  physical  determinations  involved  will  per- 
mit. The  specific  gravity  of  prismatic  sulphur  is  ISl,  or,  in 
otlier  words,  one  cubic  centimetre  of  solid  sulphur  weighs  1'91 
gramme;  the  specilie  gravity  of  crystalline  selenium  is  4'81,  or 
one  cubic  centimetre  of  selenium  weighs  4-81  grammes;  32 
grammes  of  sulphur  will,  therefore,  occupy  ^^=16-75  cubic 
centimetres;  79'5  grammes  of  selenium  will  occupy  j^^lS'SS 
cubic  centimetres.  What  is  true  of  grammes,  is  true  of  any  parts 
by  weight,  and  ultimately  of  the  atoms.  This  quotient,  obtained 
by  dividing  the  atomic  weight  of  an  element  by  its  specific  gra- 
vity, is  called  the  atomii!  volume  of  the  element ;  it  must  be  borne 
in  mind  that  tho  standard  of  specific  gravity  for  hqnids  and  solids 
is  water,  for  gases  hydrogen,  and,  therefore,  that  the  atomic 
volume  of  a  solid  or  liquid  mnst  not  be  directly  compared  with 
that  of  agas.  Two  elements  whose  atomic  volume  is  the  same  can 
be  exchanged  in  their  compounds  without  alteration  of  crystalline 
form,  precisely  as  a  brick  or  stone  taken  out  of  a  wall  can  be 
replaced  by  another  of  the  same  size  and  bhape  without  changing 
the  form  of  tho  wall 

253,  With  chlonne  selenium  f  rms  two  compounds,  SeQ  and 
SeCi^,  the  lirst  of  nhich  is  anab^ous  to  dichloride  of  sulphur. 
With  hydrogen  it  forms  a  comjound,  H^fee,  called  selenhydrie 
acid,  or  scleniuretted  hvdrogcn  which  is  perfectly  analogous  to 
sulphuretted  hydrogen,  H^S,  but  p  a  till  more  disagree- 
able odor.  In  its  action  upon  s  lut  n  f  th  metallic  salts,  upon 
metals  and  metallic  osides,  sel  hydn  a  d  behaves  like  sul- 
phydric  acid,  a  selenide  of  th    m  tal  b         always  formed. 

254.  TeUwium  (Te)  occu  n  nat  n  more  rarely  than 
selenium.  Sometimes  it  is  f  md  n  th  f  state,  but  more  ge- 
nerally in  combination  with  the  heav;  metals,  such  as  gold,  silver, 
lead,  copper,  and  bismuth.  It  is  one  of  the  few  elements  with 
regard  to  which  chemists  have,  at  times,  been  in  doubt  whether 
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or  not  they  should  bo  classed  as  metals.  Many  of  its  physical 
properties  are  similar  to  those  of  the  metals,  and  it  particularly  re- 
sembles the  metal  antimony ;  but  it  is  so  intimately  related  to  sul- 
phur and  selenium  in  its  chemical  properties,  its  crystalline  form, 
and  mode  of  occurrence  in  nature,  that  it  is  now  almost  always 
studied  as  a  member  of  the  sulphur  group, 

255.  Tellurium  is  of  a  silver-white  color  and  glittering  me- 
tallic lustre.  It  is  hard  and  brittle,  and  crystallizes  very  easily  in 
riiombohedrons.  It  is  a  bad  conductor  of  heat  and  electricity. 
Its  specific  gravity  is  6-2;  its  specific  heat  is  0'04737,  and  its 
atomic  weight  128.  It  melts  at  a  temperature  somewhat  above 
the  melting-point  of  load,  and  is  volatile  at  a  full  red  heat,  the 
vapor  being  of  a  yellow  colour,  like  that  of  selenium.  "When 
heated  in  the  air,  it  takes  fire,  and  bums  with  a  greenish-bine 
flame,  copious  fumes  of  tellurous  acid,  TeO,,  being  at  the  same 
time  evolved. 

256.  The  compoands  of  tellurium  and  oxygen  (telluroiis  aeid, 
TeO„  and  telluric  acid,  TeO^)  are  analogous  to  sulphurous  and 
sulphuric  aeids.  By  uniting  with  metallic  oxides,  they  form  nu- 
merous salts,  analogous  to,  and  isomorpbous  with,  the  correspond- 
ing compounds  of  sulphur  and  selenium.  So,  too,  the  hydrogen 
compound,  HjTe,  is  analogous  to  sulphuretted  and  seleniuretted 
hydrogen,  in  composition  and  properties.  With  the  metals  it 
unites  directly  to  form  tclluridea.  There  are  chlorine  compounds 
also,  TeCl  and  TeCl,. 

257.  The  close  relationship  which  subsists  between  sulphur  and 
oxygen  has  been  already  alluded  to,  as  well  as  the  many  points 
of  resemblance  between  sulphur,  selenium,  and  tellurium;  tho 
student  is  therefore  now  prepared  to  recognize  the  feet  that  in 
oxygen,  sulphur,  selenium,  and  tellurium  we  have  another  group 
or  family  of  elements,  as  intimately  and  naturally  related  to  each 
other  ae  are  the  members  of  the  chlorine  group,  (See  §  152.)  It 
will  be  seen  at  a  glance  that  in  passing  from  oxygen,  at  one  end 
of  the  series,  to  tellurium,  at  the  other,  we  meet  with  the  same 
progression  of  physical  and  chemical  properties  that  was  so 
noticeable  in  passing  from  chlorine  to  iodine.  The  properties  of 
the  various  compounds  formed  by  tho  union  of  the  members  of 
the  sulphur  group  with  other  elements  exhibit  the  same  kind 
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of  progression  ;  that  these  compounds  are  of  analogous  compoai- 
tion  has  been  shown  in  the  preceding  paragraphs. 

"With  h3fdrogen  the  members  of  the  sulphur  group  unite  in  the 
proportion  of  two  atoms  of  hydrogen  to  one  atom  of  the  other 
element;  thus,  H^O,  H^S,  H^Se,  H,Te.  Th  p  ula  1  tion 
to  hydrogen  is  an  important  characteristic  of  th    g    up 

In  this  sulphur  group,  precisely  as  iu  the  chl  ne  g  up  the 
relative  chemical  power  of  each  element  in  th    fam  ly  at 

in  proportion  as  its  atomic  weight  is  low  (§  153)       xygeu  is  aa 
anile,  stronger  than  sulphur, sulphur  than  sekn    m    nd    1  n  um 
than  tellurium,  their  atomic  weights  being  respectively: — 
0  =  16,  S  =  32,  8e  =  79-5(;80?),  Te  =  128. 


CHAPTEE    XV. 

COMBINATION  BT  VOLUME. 

258.  A  comparison  of  the  formulEe  representing  the  volume- 
trio  composition  of  all  the  well-defined  compound  gases  and  vapors 
which  have  beea  thus  far  studied,  will  bring  into  clear  view  some 
of  the  general  facts  relating  to  combination  by  volume. 

It  has  been  established,  by  experiment,  that  the  following  com- 
pounds are  formed  by  the  chemical  union,  without  condensation, 
of  equal  volumes  of  the  two  eiemeuts  which  enterinto  each  com- 
pound : — 

Hydrogen  ,    Chlorine  _  Chlorhydric  Acid  H    ,   01       HCl 

,.¥+,.,-  «     .  .  or    J    +35.5-  38-5 

H    ,   Br  _  HBr 


Hydrogen  ,    Broniiae  _  Bromhydric  Acid 
1  vol.      "•"     1  vol.      -  2  vols. 


Iodine    _    lodohydric  Acid 
1  vol.      ~  2  vols.  ' 


It  has  further  been  demonstrated  that  the  following  compounds 
of  two  elements  contain  two  volumes  of  one  element  and  one 
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Tolnme  of  the  other,  but  that  these  three  volumes  are  condensed, 
during  the  act  of  eombination,  into  two  volaniea  ; — 

H,   ,    O  _  H^O 
9    +  ifi  —   1« 


,    Oxytren 
+     iVol.      '■ 


1      1 

S  Iph 


1   _    Hjponitric  Acid 


■  "zr  ■ 


Lastly,  still  a  tliird  mode  of  combination 
deneation  of  four  volumes  to  two  has  been 
the  ease  of  ammonia,  and  has  been  further 
position  of  anhjdious  sulphuric  acid : — 


Nj  ,  O  _  NjO 
2S  "*"  18  ~  44 
N    ,   0,  _  NOj 

^±  +  H9.  ~    AP. 


Te   ,    Oj  _  TeOj 
"'■   128"^  32  -  160 

by  volume  with  con- 
thoroughly  studied  in 
iOustrated  in  the  eom- 


SO, 


Throughout  these  tables  the  unit-volume  is,  of  course,  the  same 
for  every  element  and  compound.  What  the  absolute  bulk  of 
this  unit-volume  may  be,  is  not  an  essential  point ;  for  the  rela- 
tions remain  the  same,  whatever  the  unit  of  measure.  Some 
chemists  have  thought  that  an  advantage  was  gained  by  using 
the  bulk  of  one  gramme  of  hydrogen  at  the  ordinary  pressure 
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and  temperature,  viz,  11-2  litres,  aa  the  unit-Tolume,  while  others 
prefer  t«  use  the  litre  itself  as  the  unit. 

Three  condensation-ratios  are  exhibited  in  these  tables.  In  the 
first  the  condensation  is  0  ;  in  the  second  it  is  i,  and  in  the  third 
it  is  ^.  The  typical  character  of  tho  three  compounds,  ehlorhy- 
dric  acid,  water,  and  ammonia,  is  also  clearly  brought  out ;  each 
of  these  bodies  represents  a  group  of  compounds  which  obey  the 
same  structural  law.  The  tables  also  show  very  clearly  the  foot 
that  very  unequal  ■weights  of  the  compounds  tabulated  occupy 
equal  spaces,  under  the  same  conditions  of  temperature  and  pres- 
sure. The  space  occupied  by  the  compound  molecule  is,  in  each 
case,  exactly  twice  the  unit- volume. 

259.  The  symbols  H,  CI,  0,  and  N  represent  the  relative 
weights  of  the  same  volume  of  four  elements  which  are  gaseous 
at  common  temperatures  and  pressures ;  the  symbols  Er,  I,  S, 
and  So,  represent  the  relative  unit- volume  weights  of  four  other 
elements  which  are  not  gases  under  the  ordinary  atmospheric 
conditions,  hut  which  can  be  converted  into  gases  at  a  higher 
temperature.  At  this  higher  temperature  their  unit-volume 
weights  have  been  experimentally  determined,  and  from  these 
observed  volume-weights,  the  unit-volume  weights  which  they 
would  possess  at  the  ordinary  pressure  and  temperature  have  been 
deduced.  The  symbols  of  these  eight  elements,  therefore,  repre- 
sent at  once  the  combining  weights  and  tho  relative  weights  of 
equal  volumes  (speeiiic  gravities)  of  these  substances  in  the  gaseous 
state.  In  the  present  state  of  the  science,  these  eight  symbols 
are  the  only  ones  of  which  this  can  be  affirmed ;  tellurium  would 
undoubtedly  make  a  ninth,  if  the  relative  size  of  its  combining 
weight  had  been  experimentaHj  determined,  but  until  this  deter- 
mination has  been  made,  the  symbol  Te  represents  only  the  com- 
bining weight  of  the  element,  and  not  its  equal-volume  weight  as 

The  relative  sizes  of  the  combining  weights  of  four  other  ele- 
ments in  the  slate  of  vapor,  have  been  experimentally  ascertained. 
These  four  clemeats  are  arsenic,  phosphorus,  cadmium,  and  mer- 
cury. When  we  come  to  study  these  elements,  we  shall  find  that 
the  symbols  of  arsenic  and  phosphorus,  namely.  As  and  P,  repre- 
sent only  the  half-volume  weights  of  these  two  bodies,  while  the 


sd  by  Google 


206  COMBINING  WEIOHT  ABB  TOUnTE- WEIGHT. 

symbols  of  cadmium  and  mercury  represent  the  two-volume 
■weights  of  these  volatile  metala.  Coincidence  of  the  comhining 
weight  and  the  volume-weight  has  been  established  for  eight 
elements;  discrepancy  between  the  combining  weight  and  the 
volume-weight  has  been  proved  for  four  elements ;  of  the  re- 
maining elements,  constituting  more  than  four-fifths  of  tho  whole 
number,  the  equal-volume  weights  are  wholly  unknown,  inas- 
much as  these  elements  have  never  been  converted  into  vapor 
under  conditions  which  permit  the  experimental  determination  of 
the  equal-volume  weights  of  their  vapors.  For  example,  the 
eymbob  Na  and  K  represent  the  combining  weights  of  these  two 
metals ;  but  they  can  be  held  to  represent  the  weights  of  the 
unit-volumes  of  these  metals  only  by  pure  assumption,  or,  at  best, 
on  the  uncertain  evidence  of  analogies,  since  the  unit-volume 
■weights  of  these  metals,  when  converted  by  intense  heat  into 
gases,  have  never  yet  been  determined.  As  the  great  majority 
of  the  known  elements  cannot  be  volatilized,  or  made  gaseous,  by 
the  highest  temperatures  as  yet  at  our  command,  under  conditions 
which  permit  the  chemist  to  experiment  with  the  gases  produced, 
it  is  plain  that  composition  by  weight  is,  in  the  present  state  of 
chemistry,  of  far  greater  practical  importance  than  composition  by 
volume.  The  symbols  of  all  the  elements  represent  their  com- 
bining weights,  as  determined  by  ponderal  analysis  ;  the  symbols 
of  eight  elements  represent  also  the  equal-volume  weights  of  the 
substances  they  stand  for.  These  eight  elements,  though  few  in 
number,  are  nevertheless  the  leading  elements  in  inorganic 
chemistry. 

260.  The  volume  of  the  molecule  of  every  compound  gas  in  the 
above  tables  is  twice  that  occupied  by  the  atom  of  hydrogen.  Two 
volumes  of  compound  gas  invariably  result  from  the  chemical 
combination  of  one  volume  of  hydrogen  with  one  volume  of  chlo- 
rine, of  two  volumes  of  hydrogen  with  one  of  oxygen,  of  three 
volumes  of  hydrogen  with  one  of  nitrogen,  and  these  instances 
are  but  types  of  large  classes  of  chemical  reactions.  In  organic 
chemistry  the  same  law  holds  good  for  a  great  multitude  of  com- 
pHcated  compounds  of  carbon ;  the  molecule  of  every  organic 
compound  in  the  state  of  vapor  occupies  a  volume  twice  as  lai^e 
as  that  occupied  by  an  atom  of  hydrogen,  or,  in  other  words. 
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tw  e  the  n  t  volume  Th  s  doubled  volume  is  often  called  the 
normal  a  pr  I  t  volume  of  a  compound  gas.  Since  the  eom- 
b  n  ng  wc  ^ht  of  a  ompo  nd  gas  or  vapor  occupies  two  unit- 
volumes  t  9  ohvious  that  the  weight  of  one  volume,  which  is  the 
Bpec  fie  g  avitj-  of  tl  e  gas  r  vapor,  is  deduced  from  the  combining 
we  ght  bi  d  d  ng  tl  e  latter  by  two.  The  specific  gravity  of  a 
compound  giis  or  vapor  is,  therefore,  one-half  its  combining  weight. 
2I>1.  Molecular  condition  of  elementary  gases. — Bearing  in  raind 
our  definitions  of  atom  and  molecule  (g§  38,  39),  let  us  inquire 
what  inferences  concerning  the  molecular  condition  of  simple 
gases  in  a  free  state  can  be  legitimately  drawn  from  our  know- 
ledge of  the  molecular  condition  of  compound  gases.  To  give 
definiteness  to  our  conceptions,  let  us  assume  the  unit- volume  of 
the  elements  to  be  one  litre;  the  product -volume  of  a  compound 
will  then  he  two  litres.  Two  litres,  the  product-volume,  of  chlor- 
hydric  acid  gas  are  made  up  of  one  litre  of  hydrogen  and  one 
litre  of  chlorine,  united  without  condensation,  and  each  molecule 
of  chlorhydric  acid  must  contain  at  least  one  atom  of  hydrogen 
and  one  of  chlorine.  In  these  two  litres  of  chlorhydric  acid  there 
must  be  some  definite  number  of  molecules ;  the  number  is,  of 
course,  indeterminable;  but  let  us  assign  to  it  some  numerical 
value,  say  1000,  in  order  tc  give  clearness  te  our  reasoning.  One 
litre  of  chlorhydric  acid  will  then  contain  500  molecules,  and  since 
equal  volumes  of  all  gases,  whether  simple  or  compound,  are 
assumed  to  contain,  under  like  conditions,  the  same  numbers  of 
molecules  (§  39),  one  litre  of  hydrogen  or  of  chlorine  will  also 
contain  500  molecules.''  But  the  one  litre  of  hydrogen  and  the  one 
litre  of  chlorine,  which,  by  uniting,  produced  2  litres  =1000 
molecules  of  chlorhydric  acid,  must  each  have  contained  1000 
al(mis  of  hydrogen  and  of  chlorine  respectively,  for  each  molecule 
of  chlorhydric  acid  demands  an  atom  of  hydrogen  and  an  atom  of 
chlorine.  The  htre  of  hydrogen,  or  of  chlorine,  then,  contains 
500  molecules,  hut  lOOfl  atoms, — each  molecule  of  the  simple  gaa 
being  made  up  of  two  atoms  of  the  single  element,  just  as  each 
molecule  of  the  compound  gas  under  review  is  composed  of  two 
atoms,  one  of  hydrogen  and  one  of  chlorine.  It  is  clear  that  this 
train  of  reasoning  is  independent  of  the  particular  numerical 
value  assumed  as  the  number  of  molecules  in  two  litres  of  chlor- 
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add.     If,  therefore,  the  molecule  of  chlorhydiic  acid  i 
by  tte  formula  HCl,  and  the  diagram 


0.0 


there  is  good  reason  to  aasiga  to  fm  hydrogen  and  free  chlorine 
the  formulsB  HH  and  ClCl,  and  to  represent  the  constitution  of 
all  uncombined  gases  by  such  diagrams  as 


ClCl 


|h| + [h1 = I  HH  I . rcij + ro] = r 

Upon  these  models  the  molecular  forraulse  of  all  the  elements 
with  which  we  have  become  acquainted  might  readily  be  written. 
It  is  only  in  ^fru  state  that  the  elementary  pases  and  vapors  are 
thus  conceived  to  exist  as  molecules  ;  when  thoy  enter  into  com- 
bination, it  is  by  atoms  rather  than  by  molecules.  An  atom  of 
hydrogen  unites  with  an  atom  of  cMoriiie ;  three  atoms  of  hydro- 
gen combine  with  one  of  nitrogen. 

If  this  view  of  the  molecular  structure  of  free  elementary  gaaes 
and  vapors  be  correct,  perfect  consistency  would  require  that  no 
equation  should  ever  be  written  in  such  a  manner  as  to  represent 
less  than  two  atoms,  or  one  molecule,  of  an  clement  in  a  free  state 
as  either  entering  into  or  issuinjj  from  a  chemical  reaction.  Thus 
instead  of  H,+0=H,0,  N+SH^ITH,,  HCl+Na=NaCi+H, 
it  would  be  necessary  to  write 

2HH  +  00  =  2H,0,  NN  +  3HH  =   2NH„ 

2HC1  +  NaNa  =  2NaCl  +  HH. 

We  have  not  heretofore  conformed  to  this  theoretical  role,  and 
do  not  propose  to  do  so  in  the  succeeding  pages,  and  this  for  two 
reasons ; — first,  because  many  equations,  representing  chemical  re- 
actions, must  be  multiplied  by  two  in  order  to  bring  them  into  con- 
formity with  this  hypothesis  concerning  molecular  structure ;  the 
equations  are  thus  rendered  unduly  complex ;  secondly,  because, 
in  undertaking  to  make  chemical  equations  express  the  molecular 
constitution  of  elements  and  compounds,  as  well  as  the  equality 
of  the  atomic  weights  on  each  side  of  the  sign  of  equahty,  there 
is  imminent  danger  of  taking  the  student  away  from  the  sure 
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grotiad  of  fact  ii.d  experimental  demonstration,  into  an  nncer- 
tain  region  of  liypotheses  liased  only  on  definitions  and  analogies. 
The  symbol  Sa  represents  23  proportioiial  parts  by  weight  of  the 
metal  sodinm  ;  of  the  molecular  symbol  NaK a,  the  most  that  can 
be  said  is,  that  some  strong  analogies  justify  us  in  assuming,  for 
the  present,  in  default  of  any  experimental  evidence  on  the  sub- 
ject, that  a  molecule  of  free  sodium  gas,  if  we  could  get  at  it, 
would  be  fonnd  to  consist  of  two  least  combining  parts  by  weight 
of  sodiuni.  We  know  as  much,  at  least,  of  the  molecular  struc- 
ture of  sodium  as  we  do  of  four-flfths  of  tKe  recognined  chemical 
elements.  For  the  present,  the  biatomic  structuio  of  the  mole- 
cule of  a  simple  gas  or  vapor  in  the  free  state  must  take  place,  in 
an  elementary  rnaomal,  as  an  ingenious  and  philosophical  hypo- 
thesis, rather  than  as  a  general  and  indubitable  fact. 


CHAPTER  XVI. 


262.  Phosphorus  occurs  somewhat  abundantly  and  verywidely 
diffused  in  nature.  It  is  never  found  in  the  free  state,  but  almost 
always  in  combination  with  oxygen  and  some  one  of  the  metals. 
The  most  abundant  of  its  compounds  is  phosphate  of  calcium ; 
small  quantities  of  this  mineral  are  found  in  most  rocks  and  soils, 
and  in  several  localities  it  occurs  in  large  beds.  Phosphate  of 
calcium  is  the  chief  mineral  constituent  of  the  bones  of  animals ; 
it  contains  one-fifth  of  its  own  weight  of  phosphorus.  The  pro- 
portion of  phosphorus  present  in  most  of  the  ordinary  rocks,  and 
in  the  soils  which  have  resulted  from  their  disintegration,  is 
usually  very  small,  and  phosphorus  would  be  an  exceedingly 
costly  substance  if  we  were  compelled  to  collect  it  directly  from 
this  source ;  but  it  so  happens  that  the  phosphorus-compounds 
are  important  articles  of  food  for  plants  and  animals,  and  it  is 
easy  to  obtain  through  their  intervention  the  phosphorus  which 
was  before  widely  diffused,,  but  has  been  by  them  concentrated. 
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Growing  plants  seek  out  and  collect  the  traces  of  phospJiorus- 
compounds  whieli  exist  in  tlie  soil ;  the  herhivorous  animals  in 
their  turn  consume  the  phosphorus  which  has  been  accumulated 
by  the  plants,  and  from  the  bones  of  animals  chemists  and  manu- 
facturers derive  the  phosphorus  of  which  they  stand  in  need. 

Like  oxyj^ren  and  sulphur,  phosphorus  occurs  in  several  distinct 
allotropic  modifications.  Of  these,  the  best-known  are  called  re- 
spectively ordinary  phosphonis  and  red  phosphorus. 

2lj'6.  Ordinary  phosphorus,  when  perfectly  pure,  is  a  trans- 
parent, colorless,  wax-like  solid  of  1'8  specific  gravity,  which,  when 
freshly  cut,  emits  an  odor  like  garlic,  though  under  ordinary  con- 
ditioiia  this  odor  is  overpowered  by  the  odor  of  ozone,  which.,  as 
has  been  previously  stated  {§  164),  is  developed  when  phosphorus 
is  exposed  to  the  air.  It  unites  with  oxygen  readily,  even  at  the 
ordinary  temperature  of  the  air,  and  with  great  energy  at  some- 
what higher  temperatures  (above  60°) ;  when  in  contact  with  air 
it  is  all  th.0  while  undergoing  slow  combustion. 

Exp.  106.  Thoronglily  wash  a  piece  of  phosphorus  by  rinsing  it  in 
successive  laige  qnantitiea  of  water ;  place  it,  for  a  moment,  upon  a 
sheet  of  filter-paper,  in  order  that  a  portion  of  the  water  adhering-  to 
it  may  be  removed,  then  lay  it  upon  a  clean  porcelain  capsule,  and  at 
short  intervals  press  against  it  a  shp  of  blue  litmus  paper.  In  a  very 
few  moments  the  color  of  the  paper  will  be  changed  to  red;  for  the  pro- 
ducts of  the  oxidation  of  phosphorus  are  acid,  and  they  are  formed 
with  great  rapidit}'. 

If  the  temperature  of  tho  slowly  burning  phosphorus  be  slighfly 
increased  in  any  way,  the  mass  will  burst  into  flame  and  be  rapidly 
consumed.  On  account  of  this  extreme  inflammability,  phosphorus 
must  always  be  kept  under  water ;  it  is  best  also  to  cut  it  under 
water,  lest  it  become  heated  to  the  kindling-point  by  the  warmth 
of  the  hand  or  by  friction  against  the  knife.  When  wanted  for 
use,  the  phosphorus  is  taken  from  the  waler  and  dried  by  gently 
pressing  it  between  pieces  of  blotting-paper. 

Phosphorus  must  always  be  handled  with  great  caution ;  for 
when  once  on  fire,  it  is  exceedingly  diflcult  to  extinguish  it,  and, 
in  case  it  happens  to  bum  upon  tho  flesh,  painful  wounds  are  in- 
flicted, which  are  exceedingly  difficult  to  heal.  Whenever  phos- 
phonui.M  cut  Qr  broken.,,  care. niust  likewise  to  taken  that  no  small 
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fragments  of  it  fall  unobserved  into  cracks  of  the  table  or  floor, 
where  they  might  subsequently  take  fire. 

.Egi.  107. — Nip  a,  piece  of  phosphorus,  aa  large  as  a  small  pea,  be- 
tween two  bits  of  wood,  in  such  manner  that  a  part  of  the  phosphorus 
shall  project  below  the  wood;  rub  the  phosphorus  strongly  upon  a  sheet 
of  coarse  paper;  it  will  taie  fire  at  the  temperature  developed  by  the 
friction. 

264.  On  account  of  this  easy  inflammability  by  friction,  phos- 
phorus is  extensively  employed  for  making  matches.  The  matter 
upon  the  end  of  an  ordinary  friction  match  usually  contains  a 
little  phosphorus,  together  with  some  substance  capable  of  sup- 
plying oxygen,  such  as  red-lead,  black  oxide  of  manganese,  salt- 
petre, or  chlorate  of  potassium.  The  phosphorus  and  the  oxidizing 
agent  are  kneaded  into  a  paste  made  of  glue  or  gum,  and  the 
wooden  match-sticks,  the  ends  of  which  have  previously  been 
dipped  in  melted  sulphur,  are  touched  to  the  surface  of  the  phos- 
phorized  paste,  so  that  the  sulphured  points  shall  receive  a  coating 
of  it.  The  sulphur  serves  merely  as  a  kindling  material  which, 
as  it  were,  passes  along  the  fire  from  the  phosphorus  to  the  wood. 
By  rubbing  the  dried,  coaled  point  of  the  match  against  a  rough 
surface,  heat  enough  is  developed  to  bring  about  chemical  action 
between  the  phosphorus  and  the  oxygen  of  the  other  ingredient, 
combustion  ensues,  the  sulphur  becomes  hot  enoi^h  to  take  on 
oxygen  from  the  air,  and  finally  the  wood  is  involved  in  the  play 
of  chemical  force. 

Erp.  108.— Put  a  piece  of  phosphorus,  as  big  as  a  grain  of  wheat, 
upon  a  piece  of  filter-paper,  and  sprinkle  over  it  some  lampblack  or 
powdered  bone-black.  The  phosphorus  will  melt  after  a  time,  and  will 
finally  take  fire.  As  will  he  more  fully  explained  hereafter,  under 
carbon,  the  porous,  finely  divided  lampblack  has  the  power  of  absorb- 
ing and  condensing  within  its  pores  much  oxygen  &om  the  air ;  heat 
is  developed  by  the  act  of  condensation.,  and,  at  the  same  lime,  oxygen 
IS  brought  into  very  intimate  contact  with  the  phosphorus,  particulnrly 
with  the  vftpor  of  phosphorus  which  is  condensed  by  the  lampblack 
together  with  the  oxygen,  so  that  chemical  action  soon  results,  and 
ultimately  fire.  Both  the  lampblack  and  the  paper  are  bad  conductors 
of  heat ;  they  prevent  the  phosphorus  from  losing  the  heat  developed 
by  the  condensation  and  by  the  alow  action  of  oxygen. 

It  IB  lemarkahle  that  when  dry  phosphorus,  in  very  thin  slices,  la 
p2 
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kid  upon  fine  featters,  ■wool,  lint,  flannel,  dry  wood,  or  other  non-con- 
ducting substances,  it  quickly  melta,  and  readily  inflames  upon  the 
slightest  friction,  lieat  enough  beinfr  produced  by  the  slow  combustion 
of  the  phosphorus  to  fuse  it,  if  Only  thb  heat  can  he  retained  by  some 
bad  conductor. 

265.  At  the  ordinary  temper<tture  of  the  air,  and  stiU  more 
at  somewhat  higher  tempeiatures  phoiphorus  shiues  with  i 
greenish- white  1  (,'it  as  may  be  'ieen  hj  placing  the  phisphorua 
in.  the  dark  ;  hence  the  name,  phosphorua  from  Greek  wi  i  ds  ■^i^ 
ni:fyiiLg  light-beanng  This  phosphorescence  ii  scon  when  m 
ordinary  frietiju  match  is  rubbed  igiinst  any  siu-face  m  i  ditk 
room.  Although  the  phenomma  of  ph  sphoreflcenct  mdofoxida 
tioii,  or  slow  combustion,  occur  simultaneously  when  phosphorus 
is  exposed  to  the  air,  it  does  not  appear  that  the  phosphorescence 
is  a  consequence  of  the  oxidation ;  for  phosphorus  shines  not  only 
in  the  air,  but  also  when  placed  in  an  atmosphere  of  pure  hydro- 
gen, or  nitrogen,  or  carbonic  acid,  or  even  in  a  vacuum,  though 
the  hght  emitted  by  phosphorus  in  these  inert  gases  is  of  different 
appearance  from  that  developed  in  prraence  of  oxygen. 

266.  In  warm  weather  phosphorna  is  soft  and  somewhat 
flexible  ;  it  may  then  be  bent  without  breaking,  can  be  scratched 
with  the  uaU  and  cut  with  a  knife  like  wax ;  but  at  0"  it  is  brittle, 
and  exhibits  a  crystalline  fracture  when  broken.  It  melts  at 
44°,  forming  a  viscid  oily  liquid,  which  boils  at  about  290°,  and 
IB  converted  into  colorless  vapor.  Phosphorus  can  readily  be  dis- 
tilled in  a  retort  filled  with  some  inert  gas,  lite  hydrogen,  nitro- 
gen, or  carbonic  acid.  The  specific  gravity  of  its  vapor  has  been 
found  to  be  62-1.  Contrary  to  all  our  previous  experience,  how- 
ever, the  density  of  phosphorus  is  not  identical  with  its  atomic 
weight,  a  point  which  will  be  discussed  when  the  compounds  of 
phosphorus  and  hydrogen  are  treated  of. 

On  being  heated  to  about  230°,  out  of  contact  with  air,  it  is 
converted  into  red  phosphorus.  (See  Exp.  111.)  By  exposure 
to  light,  also,  phosphorus  undergoes  a  certain  amount  of  change  ; 
hence  it  is  rarely  seen  in  the  perfectly  colorless,  transparent  con- 
dition which  it  exhibits  when  recently  prepared  and  perfectly 
pure.  The  phosphorus  of  commerce  is  usually  of  a  light  nmber- 
color.     When  kept  for  some  time  under  water,  phosphorus  be- 
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Domes  covered  witJi  a  white  opaijne  coating,  ■which  appears  to  be 
a  result  of  the  oxidizing  action  of  air  held  in  solution  by  the 
water ;  the  surface  of  the  phosphorua  is  irregularly  corroded  by 
this  dissolved  oxygen,  and  is  thus  roughened  and  made  opaque, 
in  much  the  same  way  that  the  transparency  of  glass  is  destroyed 
by  grinding  one  of  its  surfaces.  It  is  Doticed,  for  that  matter, 
that  the  water  in  which  phosphorus  is  kept  soon  becomes  strongly 
acid  ;  for  it  dissolves  the  oxygenated  compounds  which  are  pro- 
duced by  tho  action  of  the  dissolved  air  upon  the  phoaphonis. 
The  specific  heat  of  solid  phosphorus  is  0'1788 ;  of  liquid  phos- 
phorus, 0'2045.  It  is  a  non-conductor  of  electricity,  both  in  the 
solid  and  in  the  liquid  state. 

Phosphorus  is  insoluble  in  water,  but  is  somewhat  soluble  in 
ether,  petroleum,  benzine,  oil  of  turpentine,  and  other  oils ;  it 
dissolves  abundantly  in  bisulphide  of  carbon,  in  chloride  of  sul- 
phur, and  in  sulphide  of  phosphorus. 

Hxp.  109,— Pour  into  a  phial  of  the  capacity  of  80  or  90  c,  c,  10 
or  12  c.  c.  of  bisulphide  of  carbon,  and  throw  into  this  liquid  a  hit  o£ 
phosphorus  as  large  as  a  pea,  Cork  the  phial,  and  shake  its  contents, 
at  intervals,  imtil  the  phosphorua  has  dissolved.  Preserve  the  solution 
for  use  in  subsequent  experiments. 

267.  From  the  solution  in  chloride  of  sulphur  and  from  that  in 
aulphide  of  phosphorus,  crystals  of  phosphorus    usually  in  the 
form  either  of  regular  octah  1  f  h  mb     d  d      h  d 
can  be  obtained ;    but,  owin    t    th      1  w  with  wh  1  ph 
phorus  passes  from  the  liquid  tth       Idttdt      t        tl 
cannot  readily  be  prepared  by  th     m  th  d     f  f  1 
comparatively  large  quantity    f  ph    ph         b     j      t  d    p 

268.  "When  a  solution  of  ph    ph  th  b  tt      m 
bisulphide  of  carbon,  is  pou    d    p      th         f         f      y  p 
substance  and  left  to  evaporat        thaith       Itil       1      twll 
quickly  escape,  leaving  the  ph    i  h 
divided  eondition.     In  prop    t 
divided,  the  greater  will  be  th 
oxygen  of  the  air,  and  the  m 
oxygen.     In  the  case  before  us,  the  comminuted  phosphorus  ab- 
sorbs oxygen  very  rapidly,  and  this  chemical  action  ia  attended 
with  the  evolution  of  so  much  heat  that  the  phosphorus  will  take 
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fire,  if  the  material  upon  which  it  has  been  deposited  is  a  bad 
conductor  of  heat. 

Exp.  110.— Pour  some  of  the  solution  of  phoaphorua  obtained  w 
Exp.  109,  upon  0  sheet  of  fllter-piiper,  and  han^  the  paper  upon  the 
iron  stand  in  such  manner  that  the  bisulphide  of  carbon  may  freely 
evaporate.  The  paper  will  soon  burst  into  liame.  It  will  he  noticed 
that  the  paper  is  not  completely  consumed,  but  that  a  very  considerable 
residue  of  carbon  remains  unburned.  This  depends  upon  the  fact  that 
the  product  of  the  conihustion  of  the  phosphorus,  phosphoric  acid, 
quickly  covers  the  paperwithavamish  which  is  not  only  incombustible 
in  itself,  butis  quite  impervious  to  air. 

In  lack  of  bisulphide  of  carbon,  this  experiment  can  be  performed 
with  the  ethereal  solution  of  phosphorus,  prepared  in  the  niunnef  de- 
scribed in  Exp.  109,  esceptiug  that  common  ether  is  substituted  for 
the  bisulphide,  and  that  the  mixture  is  left  to  digest  for  a  day  or  two. 

269.  Ordinary  phosphorus  is  a  violent  poison,  a  few  decigram- 
mes of  it  being  sufficient  to  destroy  human  life.  It  is  the  efficient 
ingredient  of  many  preparations  used  for  poisoning  rats,  cock- 
roaches, and  other  vermin.  Phosphorus  evaporates  rather  freely 
at  the  ordinary  temperature  of  the  air ;  and  the  vapor  has  been 
foiznd  to  be  exceedingly  injiu'ious  to  persons  constantly  exposed 
to  it.  The  makers  of  friction  matches  are  subject  to  a  horrible 
■wasting  disease,  one  of  the  symptoms  of  which  is  the  destruction 
of  the  hones  of  the  jaws 

270.  When  phosphorus  bums  with  fiamo  in  free  air,  two  atoms 
of  it  unite  with  tive  itoms  of  o'vygen,  and  there  is  formed  the 
compound  of  P^Oj  thisj  highest  oside  of  phosphoras  is  called 
phosphoric  acid  This  compound  occurs  in  bones,  and  fi'om  it 
phosphorus  iaprepiied  Bone  enth,  that  portion  of  bones  which 
remains  after  all  the  organic  matter  has  been  burnt  ofp  in  the 
fire,  consists  mainly  of  triphosphate  of  calcium,  CajP^O^,  In 
order  to  obtam  phosphorus  fiora  bone  earth,  the  calcium  and  the 
oxygen  must  both  he  removed ,  the  calcium  is  removed  l)y  means 
of  sulphuric  acid,  the  oxygen  by  means  of  hot  charcoal.  Bones 
are  burnt  to  a  wbit'  ash  (caleinid,  as  tho  term  is),  then  finely 
powdered  and  raided  with  a  quantity  of  dilute  sulphuric  acid. 
The  sulphune  atid  removes  two  of  the  atoms  of  calcium  and 
foAus  sulphate  of  ealaum,  while  thcie  remains  monophosphate  of 
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ealcinm  (superphospliate  of  lime)  ia  accordance  with  the  follow- 
ing reaction ; — 

Ca,P,0,  +  2H,S0,  =  CaH,P,0,  +  2CaS0,. 
It  will  be  rememhered  that  one  atom  of  calcium,  replaces  two 
atoms  of  hydrogen,  (See  p.  89.) 

The  solution  of  monophospiiate  of  ealoinra  is  then  filtered  off 
from  the  insoluble  sulphate  of  calcium,  and  evaporated  to  the 
consistence  of  syrup  ;  the  syrup  is  mixed  with  powdered  charcoal, 
and  the  mixture  dried  at  a  dull  red  heat ;  by  this  means  a  quan- 
tity of  water  is  expelled  from  the  monophosphate  ; — 

CaH.PPj  =  CaP,0,  +  2H,0. 
The  porous  dry  mixture  is  finally  placed  in  retorts  of  fireclay 
and  intensely  ignited.  At  high  temperatures,  charcoal  is  a 
powerful  deoxidizing  agent;  it  takes  away  oxygen  from  the 
phosphate  of  caleium,  and  forms  carbonic  oxide,  which  goes  off 
as  a  gas ;  phosphorus  is  thus  set  free,  and  distilling  over  into  an 
appropriate  receiver,  is  eondenaed  under  culd  water,  a  quantity 
of  triphosphate  of  calcium  is  at  the  same  time  reproduced  and 
n  the  retort ; — 


3CaP,0,  +  IOC  =  lOCO  +  4P  +  Ca^P^O,. 
If  a  quantity  of  sand  (silicic  acid)  be  added  to  the  mixture  of 
charcoal  and  monophosphate,  the  whole  of  the  phosphorus  can 
be  expelled,— the  phosphate  of  calcium,  whiah  would  otherwise 
escape  decomposition,  being  entii-ely  converted  into  silicate  of 
calcium, 

2CaP^0,  +   2SiO,  +   IOC  =   lOCO  -|-  4p  +  2CaSiO,. 
Another  proposed  method  is  to  pass  ehlorhydrio  acid  gas  over  a 
mixture  of  bone  phosphate  and  charcoal,  maintained  at  a  red 
heat,  in  a  cylinder  of  ftreelay.     By  this  means  all  of  the  phos- 
phorus is  set  free  and  chloride  of  calcium  remains  ; — 

Ca^P^O,  -I-  8C  +  6HC1  =  3CaC!^  +  SCO  +  6H  +  2P. 
The  crude  phosphorus  thus  obtained  is  remelted,  and  purified  by 
filtration,  redistillation,  and  by  chemical  treatment  with  a  mixture 
of  bichromate  of  potassium  and  sulphuric  acid,  which  oxidizes 
the  principal  contaminations.     The  purified  phosphorus  is  finally 
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remelted  and  cast  into  tlie  sticks  or  cakes  in  which  it  ia  found  in 
commerce. 

271.  Red  Phosphorus. — ^This  remarkable  allotropic  modifica- 
tion of  phosphorus  is  a  body  as  unlike  ordinary  phosphorus  in 
most  respects  as  could  well  he  conceited.  It  is  of  a  scarlet-red 
color,  has  neither  odor  nor  taste,  is  not  poisonous  so  far  as  ia 
known,  is  not  phosphorescent,  does  not  take  fire  at  ordinary  tem- 
peratures, is  insoluble  in  bisulphide  of  carbon,  and  in  general 
behaves  altogether  differently  from  the  ordinary  modification, 
Yet  it  ia  no  difScnlt  matter  to  change  one  of  these  modifications 
into  the  other.  For  example,  if  red  phosphorus  be  heated  to 
about  260",  in  an.  atmosphere  of  nitroj^en,  or  other  inert  gas,  it 
will  pass  into  the  condition  of  ordinarj'  phosphorus  without  under- 
going any  alteration  of  weight,  or,  ia  other  words,  without  ab- 
sorbing or  disengaging  anything. 

Erp.  111. — In  a  narrow  glass  tube,  No.  6,  about  80  cm.  long  and 
closed  at  one  end,  placeaquantity  of  red  phosphorus  as  large  as  a  small 
pea;  heat  the  phosphorus  gently  over  the  gas-Iarap,  and  note  that  a 
sublimate  of  a  light-colored  substance  ia  quickly  doposited  upon  the 
cold  walls  of  tba  tube  a  short  distance  above  the  heated  portion.  This 
light-colored  sublimate  is  ordinary  phosphorus,  as  may  be  shown  by 
cutting  otf  the  tube  just  below  the  sublimate,  after  the  glass  has  been 
allowed  to  cool,  and  then  scratching  the  coating  with  a  piece  of  wire ; 
the  coating  will  take  fire.  The  air  in  the  narrowtube  employed  is  de- 
prived of  its  oxygen  by  the  combustion  of  a  small  portion  of  the  phos- 
phorus at  the  moment  of  its  transformation  from  tiered  to  the  ordinary 
condition  (  the  remaining  phosphorus  is  thus  enveloped  in  nitrogen  and 
DO  protected  from  further  loss. 

272.  Eed  phosphorus  is  itself  neither  volatile  nor  inflammable; 
it  neither  rises  aa  vapor  nor  inflames  at  temperatures  lower  than 
260°,  the  point  at  which  it  ciiaages  into  ordinary  pbosphonie ;  at 
250°  it  suffers  no  alteration.  As  compared  with  ordinary  phos- 
phorus, it  may  be  said  that  red  phosphorus  can  be  handled 
without  danger,  and  that  it  may  be  kept  in  botties  without 
special  precautions,  since  it  is  not  liable  to  talie  iire  by  moderate 
friction ;  but  by  powerful  friction  heat  enough  may  be  evolved  to 
convert  it  into  ordinary  phosphorus,  and  if  it  be  even  moderately 
heated,  by  friction,  or  in  any  other  way,  in  contact  with  o^wdizing 
agents,  it  instantly  bursts  into  flame 
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Ery,  112. — Ib  order  to  observe  the  comparative  difficulty  of  infla/- 
ming  red  phosphorusjlaj  an  inverted  coYerofa  porcelain  ei'ucible  upon 
an  iroiitriangle  upon  the  lamp-stand;  place  upon  the  cover,  whict  may 
be  15  cm.  wide,  a  small  bit  of  ordinary  phosphorus,  and,  at  a  distance 
of  12  cm.,  the  same  quantity  of  red  phosphorus ;  heat  the  corer  gently 
and  gradnally  over  the  gas-lamp.  The  ordinary  phosphorus  will  soon 
inflame  and  burn  awaj ;  but  a  considerable  space  of  time  w  il!  elapse 
1  eforj  the  red  phosphorus  takes  fire. 

By  operating-  in  vessels  filled  vrith  nitrogen,  or  some  other  gas  which 
hod  no  ehemicol  action  upon  phosphorus,  the  precise  temperature  at 
which  (he  red  phosphorus  ceases  to  exist  can  be  noted,  and  the  ordi- 
nary phosphorus  obtained  from  it  can  be  distilled  over  and  collected. 

273.  Eed  phosphorus  has  been  obtained  in  crystals  by  dissolving 
common  phosphorus  in  melted  lead,  and  subjecting  the  fluid  mass 
to  a  high  temperature  for  several  hours  in  closed  tubes.  When  the 
lead  cools,  the  phosphorus  separates  in  thin  crystals,  whi«jh  have 
a  metaUic  lustre  and  a  black  color  ;  the  crystals,  however,  trans- 
mit a  yeUowish-red  light,  and  the  thinnest  of  them  appear,  not 
black,  but  red.  Tliese  orjstab  of  red  phosphorus  are  generally 
enveloped  in  the  lead  ;  but  the  lead  may  be  mostly  dissolved  away 
by  dilute  nitric  acid,  and  the  phosphorus  crystals  may  thus  be 
obtained  in  a  condition  of  comparative  purity.  They  are  not 
affected  by  esposui-e  to  the  air.  These  crystals  are  seen  under 
the  microscope  to  be  rhomb  oh  ed  ron  s ;  so  that  phosphorus,  like  the 
aucceeding  members  of  the  family  of  elements  to  which,  it  belongs, 
is  dimorphous,  presenting  forms  both  of  the  monometric  and  hexo- 


The  red  variety  of  phosphorus  has  been  not  inaptly  called 
metallic  phosphorus,  crystallized  in  the  crystals  just  described,  and 
amorphous  in  the  usual  form  of  red  phosphorus.  The  crystallized 
metallic  phosphorus  is  less  volatile,  and  has  a  higher  specific 
gravitj'  than  the  amorphous.  The  power  of  the  so-called  metallic 
phosphorus  to  conduct  electricity  is  small,  if  compared  with  that 
of  the  common  metals,  but  it  is  very  much  greater  than  the  eon- 
ducting-power  of  colorless  phosphorus,  for  this  latter  substance  is 
generally  classed  with  the  insulators. 

The  specific  gravity  of  amorphous  red  phosphorus  is  2-14  j  its 
spedfic  heat  is  0'1C98.  When  dry,  it  undei^oes  no  change  at  the 
ordinary  temperature  of  the  air ;  but  in  moist  air  it  oxidizes  very 
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slowly.  It  ia  easily  soluble  in  nitric  acid,  which  oxidizes  it ;  and 
siflce  it  is  muoli  more  readily  dissolved  than  ordinary  phospliorus, 
the  latter  can  be  purified  from  any  contamination  of  red  phos- 
phorus, by  digesting  it  at  a  gentle  heat  in  dilute  nitric  acid. 

274.  Amoqjhous  red  phosphorus  is  prepared  hy  maintaining 
ordinary  phosphoms,  for  some  time,  at  a  temperature  of  230"  to 
235°,  either  under  water  in  an  air-tight  vessel,  or  in  au  atmo- 
sph  of  me  gas  which  has  no  chemical  action  upon  phosphorus. 
It  m  nufactured  upon  the  large  scale  by  heating  ordinary 
ph  ph  US  in  a  cast-iron  vessel  provided  with  a  gas  delivery-tube 
dii  J  n  mercury  outside  the  vessel,  in  such  manner  that,  while 
the  xpanded  air  and  some  escaping  vapors  of  phosphorus  can 
pass  ut  n  air  can  enter  the  vessel.  About  200  kilos,  of  phos- 
phorus are  taken  for  a  single  charge ;  this  quantity  of  phosphorus 
is  maintained  during  ten  days  or  more,  as  nearly  as  may  be,  at 
the  temperature  of  240°,  care  being  taken  that  the  heat  shall,  at 
no  time,  much  exceed  this  limit.  Under  these  conditions,  the 
ordinary  phosphorus  slowly  changes  into  the  red  variety.  After 
the  phosphorus  has  been  exposed  during  the  time  which  the  pre- 
vious experience  of  the  manufacturer  has  shown  to  be  most  advan- 
tageous, the  apparatus  is  allowed  to  become  cold,  and  the  trans- 
muted phosphorus  is  found  adheiing  to  the  sides  of  the  vessel,  in 
the  shape  of  a  hard,  brittle,  brick-colored  coating,  which  can  be 
removed  by  means  ot  haramei  and  chisel  atter  covering  it  with 
water.  It  is  grc  md  to  powd  r  undei  water  and  any  particles 
of  ordinary  phos].hoius  which  have  escaped  c.hana;e  are  removed 
from  it  by  me<ms  of  bisulph  de  of  carb  n  oi  by  a  s  lution  ot 
caustic  soda  which  d  ss  Ives  oidinary  phosphorus  without  acting 
upon  the  red  modification 

275.  Eed  phosj-hoius  is  employed  to  a  certsin  extent  as  au 
adjunct  to  the  au  called  snfei/  mitclies  Such  matches  contain 
no  phosphorus  m  themselves  ind  will  not  take  hie  leadilv  bv 
friction  upon  an  oi  hnair  lough  t,urfai,e  th)ugh  they  butst  into 
flame  at  once  when  rubbed  upon  a  sir!»ce  speciallv  prepared 
with  red  phospho  Tis  The  matter  upju  the  tips  of  satefj  matehes 
ifi  usually  a  mixture  of  chlorate  of  potassium  and  sulphide  of 
antimony,  made  into  a  paste  by  means  of  gluo ;  the  surface  upon 
which  the  match  is  to  he  rubbed  is  composed  of  red  phosphorus, 
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black  oxide  of  manginese,  and  glue.  In  favor  of  the  use  erf  red 
phospiorua  for  matches  are  the  facls,  that,  unlike  ordinary  phos- 
phorus, it  is  not  deletenou^  to  the  workmen  who  have  to  deal 
with  it,  and  that  it  is  fii  le  s  Iiible  to  he  set  on  fii-e  hy  accidental 
fi'iction.  For  these  reasons,  the  manufacture  of  safety-matches 
has  been  encouraged  hj  the  governments  of  several  European 
countries,  and  such  matches  are  now  much  used  in  France  and 
upon  other  parte  of  the  continent,  though  they  are  manifestly  less 
convenient,  in  several  respects,  than  the  ordinary  matches,  which 
can  he  ignited  by  fncbon  upon  any  rough  suxface. 

276,  Phosphorus  combines  leidilynith  many  other  elements 
besides  osjgeu.  The  oidmiry  modiflration  of  pho'^phorus  com- 
bines violently  with  sulphur  at  temperaturto  neai  the  melting- 
point  of  sulphur,  the  act  of  combination  being  attended  with  vivid 
combustion  and  loud  explosion  Red  phosphorus  on  the  othei 
hand,  does  not  combine  witli  sulph  ir  at  tempcr'itures  lower  than 
230°,  and  the  combustion,  though  rapid,  is  not  explosive.  With 
ehlorino,  bromine,  and  iodine,  ordinary  phosphorus  unites  directly 
at  tlie  ordinary  temperature  of  the  air,  th.e  combination  being 
rapid  and  attended  with  inflammation.  Bed  phosphorus  also 
unites  with  chlorine,  bromine,  and  iodine  at  the  ordinary  tem- 
perature; and  much  heat  is  evolved  during  the  act  of  combination, 
though  the  amount  of  heat  is  usually  insufficient  to  produce 
ignition. 

Pbosphoms  unites  directly  with  most  of  the  metals  also;  and 
several  of  the  compounds  thus  formed  closely  resemble  the  so- 
called  alhys,  or  compounds  of  one  metal  with  another.  With 
hydrogen  it  forms  several  intei'csting  compounds,  which  will  he 
described  directly.  From  the  remarkable  facility  with  which  it 
combines  with  oxygen  {§§  2QZ,  264),  it  follows  necessarily  that 
phosphorus  ii  a  powerful  reducing  agent.  Many  oxygen  com- 
pounds can  be  decomposed  by  means  of  it.  When  immersed  in 
the  vapor  of  anhydrous  sulphuric  acid,  pbosphoms  takes  fire  after 
a  time,  and  combines  with  the  oxygen  of  the  acid,  while  eulphut 
is  deposited.  Monohydrated  sulphuric  acid  is  reduced  to  sul- 
phurous acid,  wiiile  phosphorous  acid  is  formed : — 
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A  solution  of  sulphwrous  acid,  on  being  heated  with  phosphoiUB, 
yields  phosphorous  and  sulphydrio  acids,  as  follows : — - 
SO,  +  4H^0  +  2P  =  2H,P0,  +  H^S. 
When  gently  heated  with  chlorate  or  with  nitrate  of  potassium, 
or  with  other  highly  oxygenated  bodies,  liko  the  peroxides  of  lead 
and  manganese,  phosphoma  combines  with  their  oxygen  so  rapidly 
that  an  explosion  ensues ;  heat  enough  to  bring  about  the  reaction 
can  be  developed  by  gentle  friction,  as  when  the  phosphorus  and 
the  other  ingredient  are  rubbed  together  upon  some  hard  surface. 
(Compare  §  264.) 

Uxp.  113. — ProTide  a  bit  of  ordinary  phosphorus,  as  large  aa  a  pin's 
head,  also  an  equal  C[uantity  of  red  phospliorus ;  add  to  eaci  of  these 
portions  enough  finely  powdered  chlorate  of  potassium  to  cover  the 
phosphorus ;  fold  up  each  of  the  mistutea  tig-htly  and  separately  in  a 
small  piece  of  writing-paper;  place  the  parcels,  one  after  the  other, 
upon  an  anvil  and  stiike  them  sharply  with  a  hammer.  They  will  ex- 
plode with  violence. 

277.  Compounds  of  Phosphorus  and  of  Hydrogen. — There  are 
throe  compounds  of  phosphorus  and  hydrogen,  one  gaseous,  PH^, 
one  liquid,  PH^,  and  one  solid,  P^H,  at  ordinary  temperatures. 
The  gaseous  compound,  or,  rather,  the  gaseous  compound  charged 
with  the  vapor  of  the  liquid  compound,  is  somewhat  interesting, 
from  tlie  fact  that  it  takes  fire  spontaneously  immediately  on 
coming  into  contact  with  the  air. 

Exp.  114. — In  a  thin-bottomed  flask  of  about  140  c.  c.  capacity,  put 
1  gramme  of  phosphorus  and  115  c,  c.  of  potash-lye  of  1'27  specific 
gravity,  obtained  by  dissolving  40  grma.  of  hydrate  of  potassium  in 
110  c.  c.  of  water.  Pour  two  or  three  drops  of  ether  upon  the  liquid 
in  the  neck  of  the  flask,  then  close  the  flask  with  a  cork  carrying  a  long 
gas-delivery-tube  of  glass  No.  5.  Place  the  flask  over  the  gas-lamp, 
upon  the  wire-gauje  ring  of  the  iron  stand,  and  immerse  the. end  of 
the  delivery-tube  in  the  water-pan,  then  gently  heat  the  flask.  The 
ether  is  added  to  the  contents  of  the  flask  in  order  that  the  last  traces 
of  air  may  be  expelled  from  the  flask  by  the  vapor  which  arises  from 
this  highly  volatile  liquid  so  soon  as  it  is  warmed. 

Aa  the  potash-lye  becomes  hot.  small  bubbles  of  gas  will  be  seen  to 
arise  from  the  surface  of  the  phosphorus,  and  in  a  short  time  large 
bubbles  of  gas  will  escape  from  the  delivery-tube;  each  of  these  bub- 
bles, aa  it  comes  in  contact  with  the  air  at  the  surface  of  the  water, 
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will  spoctaneously  burst  into  flame,  and  bum  with  a,  I'ivid  light  and 
the  formation  of  beautiful  rings  of  white  smoke,  if  the  air  be  not  dis- 
turbed by  draughts.  In  burning,  the  phosphuretted  hydrogen  is  con- 
verted into  phosphorit;  acid  and  wnter,  or,  rather,  into  hydrated  phos- 
phoric acid;  and  of  this  product  the  whitesmokeis,  of  course,  composed. 
2PH3  +  80  =  H^PjO,. 
iSep.  115. — Place  a  small  inverted  bottle  full  of  water  over  the  end 
of  the  delivery-tube  ftom  which  the  phosphuretted  hydrogen  is  esca- 
ping, as  in  Exp.  114,  and  collect  50  or  100  c.  e.  of  this  gas.  By  single 
bubbles  pass  the  gas  thus  collected  into  a  litre  bottle  half-full  of  oxygen 
standing  inverted  upon  a  shelf  in  the  water-pan.  The  phosphuretted 
hydrogen  will  bum  much  more  vividly  in  oxygen  than  in  the  air.  In 
case,  however,  several  successive  bubbles  of  the  gas  shotdd  fail  to  in- 
flame on  coming  into  contact  with  the  osygen,  the  experiment  must  be 
interrupted  and  the  oxygen  thrown  away,  for  the  introduction  of  an- 
other bubble  of  phosphuretted  hydrogen  into  this  explosive  mixture 
might  set  fire  to  it  and  so  shatter  the  bottle. 

278.  The  reaction  which  occui-a  during  the  preparation  of 
phosphuretted  hydrogen  is  chiefly  between  water  and  phosphorus. 
Phosphorus  and  water  by  themselves  do  not  react  upon  each  other, 
but  when  in  presence  of  powerful  bases,  like  soda,  potash,  lime, 
orbaryta,  water  is  decomposed  by  phosphorus  with  formation  both 
of  oxygenated  and  hydrogenized  phosphorus  compounds : — 
3(KjO,H:,0)  -I-  8P  -I-  6H,0  =  2PB;^  +  3(K,0,2H^O,P^O). 
HypophospMU  of 
Potassium. 

Another  method  of  obtaining  phosphuretted  hydrogen  is  by 
decomposing  phosphide  of  calcium  with  water. 

JEcp.  116. — -Prepare  a  number  of  small  balls  or  sticks  of  quick  lime 
by  moulding  moistened  slaked  lime  into  these  forms  and  then  drving 
and  calcining  the  product.  Select  a  tub"  of  hard  glass.  No  2,  close  it 
at  one  end,  and  place  two  or  three  pieces  of  phosphorus  as  laige  as 
peas  at  the  closed  end;  fill  the  tube  with  the  peUcts  ot  quick  lime, 
and  pat  it  in  a  sheet-iron  trough  above  a  wire  gauze  gas-hmp  in  the 
nianner  depicted  in  Fig.  8.  To  prevent  the  melted  phosphorus  from 
flowing  against  the  quicit  lime,  an  iron  nail  ma^  be  laid  beneath  that 
part  of  the  trough  which  is  farthest  from  the  phosphorus.  Heat  to 
redness  the  portion  of  the  tube  which  contains  the  lime,  and  then  cause 
the  vapor  of  phosphonis  la  pass  over  it  by  cautiously  heating  the  closed 
end  of  the  tnbe  with  an  ordinary  gas-lamp.    To  ensure  the  success  of 
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this  experiment,  that  poi'tion  of  the  tube  which  contains  the  phos- 
phorus must  he  heated  so  slowly  that  none  of  the  phosphorus  can 
escape  imcombined  through  the  lime.  After  the  phosphoi'us  has  all 
been  driven  forward  from  the  closed  end  of  the  tube,  the  open  end  of 
the  tube  should  be  stopped  with  a  cork  and  the  lamps  should  be  ex- 
tinguished ;  the  tube  is  then  leil  at  rest  until  it  hHH  become  cold. 

When  a  piece  of  the  impure  phosphide  of  calcium  thus  obtained  is 
thrown  into  water,  it  slowly  decomposes  with  formation  of  hypopHos- 
phite  of  calcium  and  disengagement  of  phosphuretted  hydrogen ;  tie 
bubbles  of  gas  take  fire  as  they  reach  the  surface  of  the  water. 

279.  Besides  the  spontanconsly  inflammable  gas,  there  is  another 
variety  of  phosphuretted  hydrogen  which  does  not  take  fire  of 
itself  in  the  air.  It  can  he  prepared  in  various  ways — for  example, 
by  heating  hypophosphorous  or  phosphorous  acids  (§§  286,  287), 
these  acids  being  resolved  by  heat  into  phosphoric  acid  and  phos- 
phuretted hydrogen : — 
Hypophos 

Phosphorous      J  Empirical;  4H,P0,  =.  PH,  -|-  3H,P0,. 

Acid.  lDualistio:4(3H30,PA)=2PH,+3(3HsO,PA)- 

The  non  'nflammatlc  gas  's  re"^rdel  as  p  e  phosphii retted  hy- 
drogen, the  propert  ot  spontaneously  mflam  ng  possessed  by  the 
other  vanet)  henf  supjosed  to  depend  npon  the  presence  of 
m  n  te  port  one  of  some  f o  e  gn  substance  the  vapor  of  liquid 
phosphurett  d  hydrog  PH  prod  ee  th  s  effect ;  on  adding 
to  the  non  nflan  mable  gis  so  b  nil!  a  {  anhty  as  ij^ogth  of  its 
bulk  of  nitne  oxide,  it  acquires  the  property  of  inflaming  spon- 


Pure  phosphuretted  hydrogen  gas  is  colorless  and  highly  in- 
flammable ;  its  odor  is  fetid,  and  has  been  compared  to  that  of 
tainted  fish ;  it  is  slightly  soluble  in  water,  and  can  be  liquefied, 
but  has  not  yet  been  solidified.  Neither  the  gas  nor  its  solutions 
have  any  action  on  red  or  blue  litmus.  It  is  a  powerful  deoxi- 
dizing agent,  and  is,  in  general,  easily  decomposed.  Most  of  the 
metals,  when  heated  in  the  gas,  combine  with  its  phosphorus  and 
liberate  its  hydrogen,  Just  as  we  have  seen  the  metal  potassium 
set  free  hydrogen  from  ammonia,  (See  p.  77.)  This  ready  de- 
composition of  the  gas  by  hot  metals  is  the  basis  of  the  method  of 
determining  its  composition  by  weight. 
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280.  Phosjihuretted  hydrogen  is  resolved  into  its  two  elements, 
and  the  proportioEal  weights  of  the  elements  which  enter  into 
its  composition  are  simultaneously  determined,  hy  the  foOowmg 
process: — The  gas  is  passed  through  a  hard-glass  tube  {A, 
Big.  45),  filled  with  copper  turnings  ind  heated  to  icdneas;  the 
Fig.  45. 
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*ivea  as  the  value  of  x,  2  905  The  nearest  whole  numl-cr  is  3  , 
aad  the  discreDin  t  may  be  attnhuted  to  defects  cf  thi,  analy- 
tical process  ilwij  s  spec  illj  to  be  feared  in  cases  like  the  pre- 
sent, where  the  qumtity  of  onemgiedientis  many  time'!  aa  large 
as  that  of  the  jther  A  leas  of  matter,  oi  error  m  weighing, 
which  woiM  amount  to  only  1  per  c  nt  ot  90  Lentignmnta, 
would  cause  an  enor  of  more  than  11  per  cent  on  6  tenti 
giammes  The  analysis  clearly  points  to  the  formula  PH,  as 
representins;  the  cjmpo  ition  of  phospliuretted  hvdrogen  inas 
much  as  tor  every  ^1  pirts  liy  weight  of  jhosphoms  the  gas 
contims  three  pirts  by  weight  of  hydiogcn  This  result  is  pir 
tially  corroboiated  by  volumetni,  analysis  If  the  hydrogen  lihc- 
rited  fiom  any  mcasurbd  quintit-(  ot  phospburttted  hidrogen  by 
passing  the  gas  through  a  tube  filled  with  hnt  metal  be  aoou 
rately  measured  it  will  be  found  that  for  eicn  two  volumes  of 
the  compound  ,as  three  volumes  of  hj  drogeii  are  set  fiee 

Thus  far  the  composition  of  pi  osphuietted  hydrosjen  has 
seemed  to  be  completely  inalogous  to  that  of  imm^nia  gis  but 
at  this  pomt  the  anahgy  fills  In  ammonia,  thicc  pxrts  by 
weight  of  hydrogen  are  combined  with  fourteen  of  mtro^n  and 
three  volumes  of  hydrogen  are  unit  id  with  one  volume  of  nitro- 
gen to  form  two  volumea  of  the  compound  gas  If  the  piral- 
Lehsm  betwe  n  NH,  and  PH^  were  peifect  one  volume  of 
phosphorus  vipw  oUoht  to  be  united  with  the  three  volumes  of 
hydrogen  whi^h  two  volumes  of  phosphuietted  hydrogen  in^an- 
ablv  contain  The  densities  of  phosphorus  ^apor  «ind  of  phos- 
phuretted  hydrogen  as  expenmentaliy  determined  prove  that 
this  IS  not  the  ease  The  unit  volume  being  that  volume  of 
hydrigen  which  weighs  1, 

Fromthe  weiD-htofSumt  volumes  of  PH,  (sp  gr  =17  09)  3-1 1"* 
Subtract  the  weight  of  '  unit  volumes  of  h^dngcn  8  00 

And  there  remains  for  the  weight  of  the  phosphorus-vapor  .  .  31-18 
The  specific  gravity,  or  relative  weight  of  one  unit-volume  of 
phosphorus-vapor,  is  62-1,  as  has  been  already  mentioned.  Two 
volumes  of  pbosphtirettcd  hydrogen,  therefore,  contain,  not  one 
volume,  but  only  half  a  volume  of  phoaphorua -vapor.  The  atom 
of  phosphorus  weighing  31,  combines  with  the  same  quantity  of 
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hydrogen  by  weight  ^'^  the  atom  of  nitrogen  weighing  14 ;  but 
the  vol  ime  of  the  pho  phonis  atom  is  only  one-half  the  volume 
ot  the  nitrDgen  atom  Tho  combining  weiglits  and  the  unit- 
V  lume  we  ghts  of  all  the  elements  previously  studied  have  been 
tdentital  hut  the  combining  weight  of  phosphorus  must  be 
doubled  m  oider  to  tnng  it  into  coincidence  with,  its  unit- volume 
weight.  Tbe  volumetric  and  the  ponderal  composition  of  phos- 
pburetted  hydrogen  are  both  exhibited  in  the  annexed  diagram  : — 

281.  This  difference  be-    |— 
twcen  ammonia  and  phos-         j 

phuretted  hydrogen  is  com-    

pletely  outweighed  by  tbe  i — - 
essential  likoncas  in  com-  , 
position  of  these  two  gases   '- — 

and  by  the  other  striking   . 

analogies  which  exist  be-        Y 

tween   them.      When    one  I 

or  more  of  the  hydrogen  atoms  in  phosphurotted  bydrogen  are 
replaced  by  certain  groups  of  elements,  which  in  organic  che- 
mistry play  the  part  of  elements,  compounds  are  obtained  which, 
like  ammonia,  neutralize  acids  and  arc  strongly  alkaline.  Phos- 
phujetted  hydrogen  itself  combines  with  certain  of  the  acids  in 
definite  pi-oportions.  With  hromhydric  and  iodohydric  acids,  for 
example,  it  forms  crystalline  compounds  whose  composition  is 
represented  by  the  formulse  PH^Br  and  PH^l, — formulte  which 
are  evidently  comparable  with  NH^Br  and  NH^I. 

282.  Liquid  Phosphuretted  Hydrogen  (PHJ  may  be  obtained 
by  passing  the  spontaneonaly  inflammable  gaseous  compound 
obtained  in  Esp.  114,  through  a  U-tube  surrounded  by  a  mix- 
ture of  ice  and  salt.  ITnder  these  conditions,  the  vapor  of  the 
liquid  compound,  which  was  diffused  in  the  gas,  condenses  and 
separates.  liquid  phosphuretted  hydrogen  is  colorless,  has  a  high 
refracting-power,  and  is  not  miscible  with  water.  It  does  not 
solidify  at  —  20" ;  when  heated  to  30°  or  40°  it  decomposes.  It 
is  exceedingly  infianunable,  and  bursts  into  flame  when  brought 
in  contact  with  the  air ;  when  a  small  quantity  of  its  vapor  is 
mingled  with  combustible  gases,  such  as  carbonic  oxide,  hydro- 
gen, 01  carburetted  hydrogen,  tbese  gases  acquire  the  property 
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of  inflaming  spontaneously.     When  exposed  to  sunlight,  it  is 
reaolved  into  gaseous  and  solid  phosphuretted  hydrogen ; — 
5PH,  =  P,H  +  3PH3. 

283.  Solid  Phosphuretted  Hydrogen  (PsH?)  is  formed  by  ex- 
posing liquid  phosphuretted  hydrogen  to  sunshine,  or  by  acting 
upon  the  liquid  with  chlorhydric  acid,  or  by  dissolying  phosphide 
of  calcium  in  strong  chlorhydric  acid.  It  is  a  compound  in- 
soluble in  water  or  alcohol,  but  soluble  in  warm  potash-lye  with 
Lberation  of  gaseous  phosphuretted  hydrogen.  It  takes  fire  at 
about  150°,  and  is  of  a  yellow  color,  but  becomes  red  when 
exposed  to  light. 

284.  Gimpoiinrh  of  Fhosphoms  and  of  Oa^jen.— Phosphorus 
unites  with  oxygen  in  four  different  proportions,  as  follows : — 

Oxide  of  Phosphorus,  P^O. 

Hypophosphorous  Acid,  P^O. 

Phosphorous  Acid,  P^O,. 

Phosphoric  Acid,  P.O.. 
All  of  these  compounds  exhibit  a  more  or  less  distinct  acid  cha- 
racter, espeeially  when  combined  with  water,  and  the  one  con- 
taining most  oxygen,  phosphoric  acid,  is  a  very  important  acid. 

285.  Oxide  of  Phospkonts  (P,0).— When  ordinary  phosphorus 
is  burned  in  a  confined  volume  of  air  or  oxygen,  insufiioient  for 
its  complete  combustion,  there  will  be  found  mixed  with  the 
unconsumed  phosphoros,  after  the  chemical  action  has  ceased, 
a  certain  quantity  of  a  red  powder,  which  is  the  oxide  of  phos- 
phorus now  in  question. 

Exp.  117.— Repeat  Exp.  13,  and  examine  the  red  mass  which  re- 
mains in  the  porcelain  capsule  after  it  has  been  sunk  in  the  water-pan 
and  thoroughly  cooled. 

Since  the  red  oxide  of  phoaphorua  is  insoluble  in  bisulphide  of  car- 
bon, it  can  readily  be  obtained  in  a  state  of  purity  by  dissolving  in  this 
liquid  the  feee  pbosphorus  with  which  it  is  contaminated. 

Although  the  red  oxide  is  not  spontaneously  inflammable  by 
itself,  a  mixture  of  it  with  free  phosphorus,  such  as  the  residue 
from  the  preparation  of  nitrogen  (Exp.  13),  takes  Are  with  great 
ease,  being  even  more  readily  inflammable  than  phosphorus  alone. 
Suii  .redduee  must  be  handled  with  special  care. 
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Red  oxide  of  pliosphonis  can  be  obtained  in  larger  quantities 
by  bringing  a  stream  nf  oxygen  gas  into  contact  witb  pbosphorus 
melted  under  bot  water. 

E.i}>.  116. — Place  about  a  cubic  centimetre  of  ordinary  phospboruB 
in  the  bottom,  of  a  conical  test-gla?a,  or  wine-gloss,  and  pour  upon  it 
hot  water  enough  to  half  fill  the  glass;  the  phospbonis  will  melt,  bot 
cannot  burn,  since  tbo  waf«r  protects  it  from  contact  with  the  air,  nnd 
since  phosphorus  by  itself  is  incapable  of  decoraposiny  water.  By 
means  of  a  narrow  gas-delivery-tube  of  glass,  conduct  a  slow  stream  of 
oxygen  from  a  goa-bolder  to  the  bottom  of  the  test-glaaa,  bo  that  the 
oxygen  shall  come  into  immediate  contact  with  aud  bubble  through 
the  melted  phosphorus.  The  phosphorus  will  bum  with  a  yivid  light 
beneath  the  water;  red  oxide  of  phospborua  will  be  formed,  and  will 
float  about  in  the  water,  from  which  it  may  be  separated  by  filtration. 

In  the  lack  of  oxygen,  air  may  be  forced  down  upon  the  phosphorus; 
even  the  impure  air  blown  from  the  mouth  will  answer  ;  but  with  air 
the  reaction  is  less  intense  than  with  osygen :  hence,  when  it  is  em- 
ployed, the  experiment  had  better  be  performed  in  a  dark  room. 

Oxide  of  phosphorus  has  neither  taste  nor  smell.  On  being 
heated  to  350°  to  400°,  it  splits  up  into  phosphoric  acid  and  free 
phosphorus,  the  latter,  of  course,  taking  fire  in  case  oxygen  be 
present. 

286.  Ri/pophosphorovs  Add  (HgP,0^=2H,P0,).— This  com- 
pound has  usually  been  classed  among  the  oxides  of  phosphorus, 
on  the  supposition  that  it  might  be  possible  to  obtain  from  it  an 
anhydrous  oxide,  of  the  composition  P^O ;  the  oxide  in  question 
has,  however,  never  yet  been  obtained. 

When  ordinary  phosphorus  is  boOed  m  a  solution  of  caustic 
potash,  soda,  lime,  or  baryta,  water  is  decomposed,  a  compound 
of  phosphorus  and  hydrogen  (§  278)  is  formed,  and  a  hypopbos- 
pbite  of  the  alkah  employed  remains  m  solution  from  which  it 
may  be  separated  in  crystals  by  cautions  evaporation      If  baryta 
be  employed,  the  reaction  may  be  formulated  as  follows  — 
Empirical :  SBaHjOj  +  8P  +  6H,0  =  2PHj  +  3BiH^P.O^. 
Dualistic :  3(BaO,HjO)  +  8P  +  6HjO  =  iPH   +  S^BaO  2H20,PsO). 
By  caatiously  adding  sulphuric  acid  to  the  solution  of  the  barium 
salt,  sulphate  of  barium  is  precipitated  and  hypopbospborous  acid 
'q  solution: — 
3,2H,0,P^O  -i-  H,0,80,  =  BaO,SO,  +  3H:p,P.p. 
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By  eviporifing  the  aqueous  solution,  after  filtration,  hypophos- 
phoro  ic  1  is  left  as  a  viscid,  uncrystallizable,  acid  liquid,  which, 
on  \  ng  btrongly  heated,  splits  up  into  phosphoric  acid  and 
phnsph  retted  hydrogen.  It  unites  with  oxygen  readily,  and  is 
conaej  entlv  a  powerful  reducing  agont.  Sulphuric  acid,  for 
cxamjde  is  redaced  by  it,  with  evolution  of  sulphurous  acid  and 
aeparat  on  of  sulphur. 

The  hji  ophosphites  are,  for  the  most  part,  erystallizable  salts, 
sol  ble  m  water  and  often  in  alcohol  also ;  they  can  usually  be 
preserved  in  dry  air.  Several  of  them  have  recently  been  some- 
what extensively  employed  as  medicaments. 

287.  Phostphoro'us  AM  (P^Oj).— This  acid  is  a  product  of  the 
slow  combustion  of  phosphorus. 

When  phosphorus  is  gently  heated  in  a  very  slow  current  of  per- 
fectly dry  air,  it  tflkea  on  oxygen  enough  to  form  phosphorous  acid, 
which,  being  voUtile,  condenses  upon  the  cold  walls  of  the  tube  beyond 
the  phosphorus  aa  a  buliy  white  sublimate.  By  conducting  the  opera- 
tion in  a  tube  drawn  out  to  a  fine  point  at  one  end  and  almost  com- 
pletely closed  at  the  other  by  a  perforated  cork  carrying  a  naiTow 
tube,  and  carefully  regulating  the  supply  of  air  which  is  admitted  into 
the  tube,  so  that  just  enough  oxygen  to  form  phosphorous  acid,  and  no 
more,  shall  come  in  contact  with  the  phosphorus,  a  tolerably  pure  pro- 
duct can  be  obtained.  For  purposes  of  illustration,  however,  a  simpler 
•rrangement  of  the  apparatus  may  be  employed,  as  in  the  following 
eiperiment  i— 

^xp.  119.— Place  a  bit  of  phosphorus,  as  big  as  a  pea,  in  the  middle 
of  a  piece  of  glass  tubing.  No.  2,  about  SO  cm.  long,  and  open  at  both 
extremities;  gently  heat  the  phosphorus  until  it  takes  fire,  and  then 
extingiiish  the  Iwnp.  So  long  as  the  tube  is  held  in  a  horizontal 
position,  the  combustion  wiU  be  so  feeble  and  imperfect  that  some  red 
oxide  of  phosphorus  will  be  formed  as  well  aa  phosphorous  acid.  On 
the  other  hand,  if  one  end  of  the  tube  be  inclined  upwards,  so  that  the 
products  of  combustion  can  pass  off  and  make  way  for  the  entrance  of 
fresh  air,  the  combustion  vrill  become  more  vivid,  and  there  will  lie 
produced  a  quantity  of  the  highest  oxide  of  phosphorus,  phosphoric 
aeid.  If  the  tube  were  held  perpendicularly,  the  draught  of  air,  pass- 
ing through  it  as  through  a  chimney,  would  be  so  powerful  that  all 
the  phosphorus  would  be  bm-ned  completely  to  phosphoric  acid. 

It  ia  evident,  from  the  foregoing,  that  if  it  were  only  possible  to  find 
out  the  precise  angle  at  which  the  tube  should  be  inclined,  and,  at  the 
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same  time,  to  provide  means  for  continually  maintajning  a  suituble  tem- 
perature within  the  tube,  the  phosphorus  might  all  be  converted  into 
pure  phosphorous  acid,  instead  of  the  varioua  and  mixed  produeta 
which  are  actually  obtained. 

288.  Hydrated  phosphorous  acid,  H^POj,  or  SH^O.PjO,,  is 
readily  obtained,  though  in  an  impure  condition,  by  exposing 
sticks  of  phosphorus  to  moist  air, 

£qi.  120. — Select  a  piece  of  glass  tubing,  the  diameter  of  -which  is 
so  much  greater  than  that  of  an  ordinary  stick  of  phosphoruB,  that  the 
latter  can  readUy  be  slipped  into  it ;  from  this  tubing  prepare  three  or 
four  short  tubes  3  or  4  cm.  lon^,  open  above  and  below,  but  drawn  in 
at  the  bottom  to  such  an  extent  that  a  stick  of  phosphorus  placed  in 
the  upper  part  of  the  tube  cannot  pass  the  narrowed  portion  and  fall 
out  of  the  tuba.  In  each  of  these  short  tubes  put  a  stick  of  phos- 
phorus, and  place  them  all  in  a  glass  funnel  whidi  rests  upon  a  bottle 
standing  in  a  soup  plate  full  of  water;  over  the  funnel  and  bottle  place 
a  fall  tubulated  bell-jar,  from  which  the  stopper  has  been  removed, 
and  allow  the  apparatus  to  stand  at  rest  during  several  days  in  a  cool 
place  where  no  damage  can  be  done  in  case  the  phosphorus  take  fire. 

Under  these  conditions,  the  phosphorus  will  slowly  oxidize  and 
waste  away  (if  time  enough  be  allowed  it  will  completely  disappear), 
and  the  mixture  of  phosphorous  and  phosphoric  acids  which  is  formed 
will  flow  down  through  the  tube  of  the  funnel  into  the  bottle  beneath. 
The  mixture  thus  obtained  is  often  teehnioally  tvvm^  pkosp!iatie  acid. 

The  object  of  the  glass  tubes  employed  to  envelope  the  sticks  of 
phosphorus  is,  to  keep  the  several  pieces  of  phosphorus  from  touching 
one  another.  If  two  or  three  pieces  of  phosphorus  were  to  be  left  in 
contact,  in  the  air,  the  heat  generated  during  the  oxidation  of  each 
would  be  added  to  that  derived  from  the  others,  and  after  a  time  the 
nuisa  would  become  hot  enough  to  take  fire  spontaneously.  But  when 
each  stick  of  phosphorus  is  placed  within  a  glass  tube,  the  heat  gene- 
rated by  its  oxidation  passes  ofl^  harmlessly,  and  a  dangerous  accumula- 
tion of  heat  is  very  much  less  likely  to  occur  than  if  no  such  system 
pf  isolation  were  resorted  to. 

289.  The  fact  that  a  collection  of  fragments  of  phosphorus  is 
thus  liable  to  take  fire,  so  well  illustrates  the  theory  of  spon- 
taneows  conibusfioii  in  general,  and  the  precautionary  measures 
taken  in  the  foregoing  experiment  to  prevent  the  ignition  of  the 
phosphoiTM  point  so  clearly  to  the  methods  which  must  often  be 
resorted  to  in  order  to  prevent  the  apontaneous  inflammation  of 
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many  highly  combustible  substances,  that  a  few  words  may  here 
be  appropriately  devoted  to  this  important  practical  subject. 

As  a  rule,  all  easily  oxidizable  substances,  when  finely  tlivided 
and  thrown  into  heaps,  are  liable  to  take  fire  spontaneously  in 
the  air.  Many  oils,  for  example,  particularly  the  so-called  dry- 
ing oils,  absorb  oxygen  from  the  air  and  enter  into  combination 
with  it.  Wherever  chemical  combination  occurs,  heat  is  deve- 
loped, and  in  case  the  oil  be  poured  upon  some  porous  substance 
which  is  both  combustible  and  a  non-conductor  of  heat,  like  wool 
or  cotton,  paper  or  cloth,  the  heat  developed  during  the  oxi- 
dation of  the  oil  may  very  readily  accumulate  to  the  extent  ■ 
necessary  to  produce  inflammation.  To  prevent  this  catastrophe, 
the  heap  of  greasy  wool  or  other  matter  should  be  bi-oken  up  as 
soon  as  warmth  is  perceived  in  it,  and  its  particles  should  be 
scattered  about  so  tiiat  air  may  have  free  access  to  them ;  the 
heat  will  then  pass  off  harmlessly  from  each  of  these  particles 
as  fast  as  it  is  generated. 

This  process  of  subdivision  will  prove  an  effectual  protecti(m 
if  the  subdivision  be  carried  far  enough ;  but  it  is  a  fact  not  to 
be  lost  sight  of,  that  very  small  parcels  of  some  substances  (a 
hank  of  oiled  twine,  for  example,  or  a  handful  of  greasy'  rags) 
may  take  fire  when  all  the  conditions  are  favourable ;  and  it  is 
a  matter  of  the  first  importance  that  all  such  matters  sbould  be 
kept  in  places  where  no  harm  can  be  done  in  case  they  inflame. 

A  stUl  more  familiar  instance  of  the  accumulation  of  heat 
during  chemical  action  occurs  in  the  ordinary  process  of  hay- 
making, as  when  a  cock  of  half-cured  hay  is  left  unopened  for 
any  length  of  time ;  the  green  hay  combines  with  oxygen  from 
the  air,  fermentation  sets  in,  and  heat  is,  of  course,  evolved ;  but 
when  the  hay  is  scattered  about  the  field,  this  heat  passes  off  into 
the  air  as  fast  as  it  is  generated,  and  we  cannot  perceive  it.  On 
the  other  hand,  if,  instead  of  the  usual  small  hay-oocks,  the 
farmer  were  to  throw  a  large  quantity  of  new-mown  hay  into 
one  great  stack,  this  stack  would  undoubtedly  take  fire  if  left  to 
itself. 

In  large  heaps  of  many  kinds  of  bituminous  coal  also,  strong 
chemical  action  is  induced  under  very  various  conditions  as  re- 
gards temperature,  moisture,  and  mechanical   subdirision,  and 
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the  heat  evolved  becomes  at  last  inteDse  enough  to  kindle  the 
coal.  Protection  from,  the  weather,  exclusion  of  moisture,  free 
ventilation,  and  the  avoiding  of  too  large  heaps  are  the  most 
effectual  preventives  in  this  case. 

290.  Anhydrous  phosphorous  acid  is  a  white  amorphous  suh- 
stance,  which  rapidly  absorbs  water  from  the  air,  and  when 
sprinkled  with  water,  dissolves  rapidly  with  a  hissing  noise  ;  it  is 
volatile,  and  may  easily  be  driven  from  one  place  to  another,  in 
a  tube  filled  with  nitrogen  (see  §  287),  by  applying  a  gentle  heat. 
Being  a  product  of  the  incomplete  combustion  of  phosphorus,  it 
is  necessarily  combustible;  when  heated  in  the  air,  it  undorgoes 
vivid  comhustion. 

Hydrated  phosphorous  acid  is  obtained  in  the  form  of  rec- 
tangular prisms,  when  the  aqueous  solution  is  evaporated  at 
temperatures  not  exceeding  200°.  The  crystals  are  deliquescent, 
and  they  gradually  absorb  oxygen  from  the  aii ;  when  strongly 
heated,  they  are  decomposed  into  phosphoric  acid,  and  phosphu- 
retted  hydrogen,  and  at  the  same  time  take  fire.  The  aqueous 
solution  of  phosphorous  acid  exhibits  a  strong  acid  reaction  ;  by 
absorbing  oxygen  from  the  air,  it  is  converted  into  phosphoric 
acid,  quickly  in  case  the  solution  is  dilute,  but  slowly  if  it  he 
concentrated.  It  is  a  powerful  reducing  agent ;  when  heated 
with  sulphurous  acid,  it  yields  phosphoric  and  sulphydric  aeids. 
Though  a  very  weak  aoid,  it  forms  salts  by  combining  with  thuse 
metallic  oxides  upon  which  it  exerts  no  reducing  action ;  the 
phosphites  of  the  alkalies  proper  are  easily  soluble  in  water,  hut 
the  phosphites  of  calcium  and  barium  can  only  be  dissolved  with 
difSculty.  These  salts  are  more  stable  than  the  hypophosphites, 
but  are  all  decomposed  by  heat. 

291.  Phosphoric  Acid  (P^Oj).— As  has  been  already  stated, 
this  highest  oxide  of  phosphorus  is  the  product  of  the  rapid 
combustion  of  phosphorus  in  an  excess  of  aii  or  oxygen. 

Exp.  121.— Dry  thoroughly  a  large  porceliun  plate,  a  small  porce- 
lain capsule,  and  a  wide-moulhed  bottle  of  two  litres  capacity,  by 
warming  them  at  a  lire ;  place  the  capsule  upon  the  plate  and  put  in 
the  capsule  a  bit  of  dry  phosphorus  of  the  weight  of  hftlf  a  gnunme 
or  thereabouts ;  hght  the  phosphorus,  and  cover  it  at  once  with  tlie 
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inverted  bottle.  The  phosphoric  acid,  foraied  by  tte  combuBtion  of 
the  phosphorus,  will  be  deposited  as  a  white  powder,  like  flakes  of 
enow,  upon  the  sides  of  the  bottle,  and  much  of  it  will  fall  down  upon 
the  plate  below. 

The  apparatus  employed  in  this  experiment  can  readily  be  arranged 
in  such  manner  that  fresh  portions  of  phosphorus  and  of  air  can  bo 
introduced  into  the  bottle  as  fast  as  occasion  may  require ;  the  process 
will  then  be  continuous,  and  any  desired  quantity  of  phosphoric  acid 
may  be  prepared  by  means  of  it. 

The  flocculcnt,  amorphous,  odorlesB  powder  tlius  obtained 
unites  with  water  with  remarkable  facility ;  if  it  be  left  in  the 
air  for  a  few  minutes,  it  deliquesces  completely ;  and  upon  being 
thrown  into  water  it  dissolyes,  with  a  hissing  noise  and  develop- 
ment of  much  heat.  In  order  to  preserve  it,  it  must  be  placed 
in  a  dry  tube,  and  the  tube  closed  by  sealing  it  in  the  lamp, 
Wben  touched  to  the  moist  tongue,  it  burns  as  if  it  were  red-hot 
metal.  On  account  of  this  strong  affinity  for  water,  it  is  fre- 
quently employed  by  chemists  to  mthdraw  the  elements  of  water 
from  other  substances ;  anhydrous  sulphuric  acid,  for  example, 
can  be  prepared  froni  oil  of  vitriol  by  heating  the  latter  ivith 
anhydrous  phosphoric  acid.  On  being  heated  with  various  or- 
ganic substances,  such  as  some  of  the  aloohob  and  essential  oils 
composed  of  carbon,  hydrogen,  and  oxygen,  it  decomposes  them 
in  silch  manner  that  the  oxygen  of  the  organic  substance,  and  as 
much  of  its  hydrogen  as  is  necessary  to  form  water  by  uniting 
with  this  oxygen,  combine  with  the  phosphoric  acid,  while  a 
compound  of  carbon  and  hydrogen  (technically  called  a  hydro- 
carbon) is  set  free. 

After  the  anhydrous  acid  has  once  been  dissolved  in  water,  it 
cannot  again  be  completely  deprived  of  water  by  mere  evapora- 
tion or  ignition.  When  the  aqueous  solution  is  evaporated,  there 
is  left,  not  the  anhydrous  powder,  but  a  transparent  glassy  mass, 
which  is  a  hydrate,  of  the  compoBition  HjO,PjO,.  This  hydrate 
is  often  called  glacial  phosphoric  add.  It  is  extremely  deliques- 
cent, and,  at  a  bright  red  heat,  sublimes  in  dense  white  fumes. 
Besides  tho  monohydrate,  there  are  two  other  hydrates  of  phos- 
phoric  acid,  of  the  compositions,  respectively,    2SJ^,Tjyg  and 
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SHjOiPjO,.  Of  these,  the  terhydrate  is,  perhaps,  the  most  im- 
poitaut ;  it  is  the  substance  usually  meant  when  phosphoric  acid 
is  spoken  of. 

292.  Phosphoric  acid  can  be  prepared,  also,  by  the  oxidation 
of  phosphorus,  or  of  hypophoaphoroias  or  phosphorous  acid,  or 
by  the  decomposition  of  some  one  of  its  salts,  such  as  the  plios- 
phate  of  calcium  (bone- earth). 

"When  phosphorus  ia  heated  in  dilute  nitric  acid,  of  1-2  apecific  gra- 
rity,  thenitric  acid  gives  up  oijgen  to  the  phosphorus,  nitric  oxide  and 
phosphoric  acid  are  formed,  and  the  latter  goes  into  solution.  When 
the  phosphorus  has  all  disappeai-ed,  the  solution  is  eyaporated  to  dry- 
ness in  order  to  drive  off  the  nitric  acid  which  was  employed  in  ex- 
cess, and  there  is  obtained  a  quantity  of  the  monohydrated  glacial 

A  product  less  pure  than  the  acid  prepared  by  means  of  nitric  add, 
is  obtoined  by  neutralizing  a  solution  of  monophosphate  of  calcium, 
prepared  from  bones  in  the  manner  already  described  when  treating 
of  the  preparatiou  of  phosphorus  (see  §  270),  with  earhonate  of  am- 
monium, evaporating  the  filtered  solution  of  phosphate  of  wnmonium 
to  dryness  and  beating  the  residue  to  low  redness.  Ammonia  is  ex- 
pelled and  glacial  phosphoric  add  remains. 

293.  It  is  a  remarkable  fact  that  each  of  the  three  different 
hydrates  of  phosphoric  add  possesses  properties  peculiax  to  itself, 
and  unlike  those  of  the  other  two  ;  in  fact,  each  of  the  hydrates 
must  be  regarded  as  a  distinct  acid.  The  monohydrated  or 
glacial  acid,  HjOjPiO,,  is  usually  called  metaphosphoric  acid; 
the  bihydrate,  2H^0,P,0„  is  called  pyrophosphorio  acid;  and 
the  torhydrate,  3Rfi,Ffi„  is  commonly  spoken  of  as  ordinary 
phosphoric  add,  or  simply  as  phosphoric  acid.  The  three  hy- 
drates are  sometimes  distinguished  as  a  phosphoric  acid  (meta), 
h  phosphoric  acid  (pyro),  and  c  phosphoric  add  (ordinary). 
These  different  hydrates  of  the  add  retain  their  peculiar  cha- 
racteristics for  a  considerable  time  when  dissolved  in  water, 
though  the  mono-  and  bihydrates  change,  after  a  while,  to  the 
terhydrate  ;  and  in  combining  with  metallic  oxides  to  form  salts, 
they  unite  with  1,  2,  or  3  molecules  of  the  oside,  accordingly  as 
they  themselves  contain  the  elements  of  1,2,  or  3  molecules  of 
water.  There  are  thus  formed  three  distinct  series  of  salts,  each 
of  which  corresponds  to  one  of  the  hydrates,  as  is  seen  in  tlie 
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following  formulfe,  where  M  stands  for  any  metal  whioh  habitu- 
ally replaces  one  atom  of  hydrogen, 

MonohydraUd  Add.  BikydraM  Add.  Terhydraltd  Acid. 

IIjO.PjO,  2HjO,PsO,  SH^O.P^O, 

MjOiPjO,  2MjO,P20,  SMjCPjO, 

Metaphosphaie  of  M.         Pyrophoipliate  of  M.  Phosphate  of  M. 

This  behavior  is  very  different  from  that  of  the  hydratos  of  nitric 
or  of  sulphuuc  acid,  when  either  ot  the  hydrates  of  nitric  add, 
for  example,  la  made  to  combine  with  a  base,  like  soda,  there  is 
formed  always  one  and  the  same  salt,  nitrate  oi  sodium  In 
each  of  the  three  series  of  salts  formed  by  phosphoric  acid, 
the  acid  exhibits  pcLuIi-ir  properties  A  salt  of  the  formula 
SMjOjPjO-  will  behavi.  very  differently  towards  many  reagents 
from  a  salt  containing  the  same  metal  but  m  the  proportions 
ir,0,P,0„  or  2\IjO,PjOj  As  in  example  of  the  kind  of  dif- 
ferences here  alluded  to,  it  miy  ho  mentioned  that,  ■nhile  meta- 
phosphoric  acid,  on  being  added  to  a  solution  ot  albumen,  will 
cause  the  albumen  to  coagulate,  no  such  coagulation  can  be 
brought  about  by  either  pyrophosphonc  acid  or  the  ordinary  ter- 
hydrato  Metaphoaphorie  acid  gives  a  white  precipitate  when 
its  solution  la  mixed  \sit!i  a  solution  of  nitrate  of  silvir  by  either 
of  the  other  hydrates  unless  they  are  first  neutralized  with  an 
alkah  m  which  e^ent  a  white  piccipitate  is  produced  by  p^ro 
phosphoric  acid  and  a  yellcw  precipitate  bv  the  ordinary  <ioid 
These  peenliaiities  will  be  examined  m  detail  when  we  come  to 
treat  of  the  phosphates  of  sodium  m  the  chapter  upon  oodnim 
and  its  compounds 

From  theforraule  given  m  the  above  tabic  it  is  appirent  that 
metaphosf  hone  acid  is  a  niDnohasicacid,  that  pyropho  phone  acid 
.is  bibasic,  and  that  ordinary  phosphoric  acid  is  terhasic.  Since 
each  of  the  atoms  of  M,  in  either  of  the  formulse,  can  be  re- 
placed by  an  equivalent  atom  of  any  other  metal,  or  by  hydrogen, 
it  follows  that  the  composition  of  some  of  the  salts  of  phos- 
phoric acid  is  rather  complex ;  thus  there  is  a  phosphate  of  potas- 
sium and  sodium  of  the  composition  (Kfi,'SaJ^,^fi)FJOg,  or 
KNaHPO^. 

Although  we  have  here  studied  the  acids  which  contain  phos- 
phorus, oxygen,  and  hydrogen,  as  if  they  were  in  reality  eompoaed 
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of  water  and  the  anhydrous  oxide  of  phosphorus,  as 
their  derivation  would  suggest,  jet  it  must  not  he  forgotten  that 
we  have  absolutely  no  knowledge  of  the  actual  structure  of  the 
molecules  of  these  compounds,  and  that  the  empirical  formultB 
HPO,.  H^P^O,,  and  H,PO,  express  aU  that  is  absolutely  known 
of  their  composition. 

294,  In  whichever  way  prepared,  and  in  aU  its  varieties, 
phosphoric  acid  is  a  very  strong  acid.  Although  a  less  powerful 
agent,  at  the  ordinary  temperature,  than  sulphuTio  acid,  yet,  from 
being  much  less  volatile  than  sulphuric  acid,  it  can  expel  the 
latter,  and  most  other  acids,  from  their  compounds  on  being 
heated  with  them.  The  behavior  of  the  two  acids  towards  cal- 
cium, or  its  oxide,  furnishes  an  instructive  example  of  the  influence 
of  extrinsic  or  physii,il  urcumstances  upon  the  play  of  the  chemi- 
cal force  When  triphosphate  of  calcium  (bone-earth)  is  treated 
with  dilute  sulphurjc  acid  at  the  ordinary  temperature,  a  quan- 
titj  of  phiiphone  acid  la  set  free  from  the  calcium  and  goes  into 
solution  Prom  this  result  it  might,  at  first  sight,  be  thought 
that  the  calcium  was  removed  from  the  phosphate  of  calcium 
simplv  by  f  nee  of  the  superior  chemical  power  of  sulphuric  as 
contiasted  with  phosphoiicacid;  but,  in  reality,  the  water  which 
IS  present  plays  aa  important  part  in  the  reaction.  Monophos- 
phate of  cilcmm  13  readily  soluble  in  water,  sulphate  of  calcium, 
on  the  other  hand,  bemg  Tivell-nigh  insoluble.  Hence  it  happens 
that  when  triphoajh<ite  of  calcium  is  digested  in  dilute  sulphuric 
aoid,  monophosphate  of  calcium  goes  into  solution,  while  sulphate 
of  calcium  is  depisitid  as  an  insoluble  powder.  But  if  the  mix- 
ture of  sohd  sulphdte  of  calcium  and  of  dissolved  monophosphata 
of  cakmm,  thus  obtained,  be  evaporated  to  dryness  and  the 
residue  be  sttongly  heated,  all  the  sulphuric  acid  will  be  expelled 
from  the  calc  urn  ,  it  will  ei  aporate  and  pass  off  into  the  air,  and 
nothing  will  hnally  be  left  m  the  vessel  but  triphosphate  of  cal- 
cium, precisely  similar  iu  quality  and  quantity  to  that  with  which 
the  esperiment  started.  In  the  same  way,  if  a  mixture  of  sulphate 
of  calcium  and  glacial  phosphoric  acid  be  strongly  heated,  the  sul- 
phuric acid,  being  readily  volatile,  as  compared  with  phosphoric 
acid,  win  all  be  expelled  from  its  combination  with  the  calcium  ;— 
3CaS0^  +  P,0,  =  Ca^P^Oa  +3S0,. 
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295.  Chlorides  of  Phosphorus. — Phosphoms  and  eUorine 
imite  readily  and  directly  eveii  at  temperatures  aa  low  as  0°, 
the  act  of  eombination  being  attended  with  evolution  of  light  and 
heat.  If  the  chlorine  he  in  excess,  as  regards  the  phospliorus, 
there  will  be  foi-med  a  solid  iiuinquicMoride  of  phospVionis,  while, 
if  an  exeess  of  phosphorus  be  present,  a  liquid  terchloride  of 
phosphorus  wilt  be  obtained, 

296.  Terchloride  of  Phosphorus  (PCI,)  ia  a  colorless  liquid 
of  about  1-5  specific  gravity,  which  boils  at  about  75°.  It  fiimea 
in  the  air,  and  is  decomposed  by  moist  air.  When  heated  iii  tlie 
flame  of  the  gas-lamp,  it  takes  fire  and  bums  with  a  bright  light. 
When  mixed  with  water  it  decomposes,  yielding  clorhydric  and 
phosphorous  acids : — 

2PCl,+6HsO=6[ICl+3HsO,PA.  "r  PCI,+."iH50=3HCl-|-H3PO,. 
This  reaction  is  particularly  interesting,  in  view  of  the  fact  that 
by  means  of  it  we  are  enabled  to  obtain  phosphorous  acid  in  a 
condition  of  purity.  It  will  be  remembered  that  by  the  method 
of  direct  oxidation  (§  287)  it  is  no  easy  matter  to  obtain  pure 
phosphorous  acid  from  phosphorus.  But  by  simply  treating  ter- 
ehloride  of  phosphorus  with  water  and  evaporating  the  solution, 
80  that  the  chlorhydric  acid  which  results  from  the  reaction  may 
be  expelled,  hydrated  phosptorous  acid  is  obtained  as  the  sole 
product.  The  process  is  a  good  example  of  the  indirect  methods 
to  which  clie"iists  are  frequently  compelled  to  resort. 

Terchloride  of  phosphorus  can  be  prepared  by  passing  a  slow 
stream  of  dry  ebiorine  through  melted,  almost  boiling,  phospho- 
rus contained  in  a  tubulated  retort  which  has  previously  been 
filled  with  chlorine  in  the  cold,  and  condensing  the  chloride  in 
an  appropriate  receiver  as  fast  as  it  distils  over.  The  process, 
like  all  operations  with  phosphorus,  requires  special  care. 

297.  It  will  be  observed  tiiat  the  formula  of  terchloride  of 
phosphorus  is  that  of  phosphuretted  hydrogen  in  which  all  the 
hydrogen  has  been  replaced  by  chlorine.  The  two  substances 
have  a  perfectly  similar  volumetric  composition.  In  phosphu- 
retted hydrogen,  three  volumes  of  hydrogen  in  combination  with 
half  a  volume  of  phosphorus,  produce  two  volumes  of  the  cem- 
pound  gas ;  if,  in  terchloride  of  phosphorus. 
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Haifa  unit-volume  of  phosphorus-vapor,  weighing  ,  ,  Sl'OO 
And  3  unit-volumes  of  chlorine,  weighing  (35-5x3)  .         106-50 

Prodnee  2  Toluniea  of  PCI,  vapor,  weighing ....  137-50 
One  unit-ToJume  of  PCI,  vapor  shovJd  weigh    .         .         .  6S'76 

The  specific  gravity  of  the  vapor  of  terohloride  of  phosphorus 
has  buen  found,  by  experiment,  to  be  69-12,— a  number  so 
nearly  identical  with  the  above  result  ot  calculation  as  entirely 
to  eonfinn  the  assumption  on  which  the  (.alculation  rests,  viz. 
that  in  terohloride  of  phospliorus  three  volumes  of  chlorine  are 
united  -with  half  a  volume  of  phosphorus  -^  -ipor, 

298.  Quinqvidtloride  of  Pho  phoru  (PG,)  is  a  white  or 
straw-colored  crystalline  solid  which  volatilizes  at  a  temperature 
below  100°  without  previously  fusing ;  b«t  when  subjected  to 
pressure,  it  melts  at  148°,  and  boils  at  a  temperature  somewhat 
higher.  It  hums  in  the  flame  of  a  candle  with  production  of 
phosphoric  aeid  and  evolution  of  chlorine.  It  is  very  deliques- 
cent, and  is  decomposed  by  the  moisture  of  the  air ;  by  a  large 
excess  of  water  it  is  immediately  resolved  into  ehlorhydric  and 
phosphoric  acids ; — 

PCI,  +  4H^0  =  5HC1  +  H,PO, ; 
with  a  smaller  quantity  of  water  it  yields  ehlorhydric  acid  and 
osychJoride  of  phosphorus  : — 

PCI,  -I-  h;,o  =  2Ka  +  poci,. 

Sulphydric  acid  decomposes  it  in  like  manner,  with  production  of 
chlorhydrio  acid  and  aulphochloride  of  phosphorus : — 

PCl,  4-  H,8  =  2HC1  -1-  PSCL,. 
Quinqui chloride  of  phosphorus  reacts  upon  many  organic  com- 
pounds also,  with  formation  of  very  interesting  products,  and  is 
hence  an   important  agent  of  research  in  the  department  of 
organic  chemistry. 

299.  In  order  to  prepare  quinqui  chloride  of  phosphorus,  a 
current  of  dry  chlorine  may  be  passed  into  terehloride  of  phos- 
phorus until  the  latter  has  been  completely  solidified;  the 
product  is  then  distilled  ia  a  current  of  chlorine.  The  quinqui- 
chloride  may  be  obtained  directly  from  phosphorus  in  one  opera- 
tion, if  a  rapid  stream  of  chlorine  be  conducted  into  a  retort 
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containing  phosplionis,  kept  so  cool  that  the  terchioritle  of  phos- 
phorus at  first  produced  shall  not  distil  over.  Again,  if  powdered 
red  phosphorus  is  exposed  to  the  action  of  a  rapid  stream  of 
chlorine,  it  will  all  he  quickly  converted  into  the  solid  quinqui- 
chloride. 

300.  The  formula  ahove  givea  for  quinqniehloride  of  phos- 
phorus represents  the  following  composition  by  volume : — 
Half  a  miit-Tolmne  of  phosphorua-vapor,  weighing       .         .       31'00 
And  6  unit-volumes  of  chlorine,  weighing  (S56xS)  ,         177-50 

Should  produce  2  vols,  of  POL  vapor,  weighing  .  .  .  208-50 
Oce  unit-volume  of  PCI,  vapor  ought  then  to  weigh  ,         104-25 

The  specific  .gravity  of  the  supposed  vapor  of  qninquichloride  of 
phosphorus,  as  determined  hy  experiment,  does  not  accord  with 
this  calculated  result;  it  is  52-81,  almost  exactly  one-half  of  the 
theoretical  unit-volume  weight  above  given.  Hfour  volumes  of 
vapor,  instead  of  two,  resulted  from  the  anion  of  half  a  volume 
of  phosphorus-vapor  with  five  volumes  of  chlorine,  the  calcu- 
lated and  the  actual  vapor-density  would  coincide.  But  hitherto 
we  have  never  found  a  single  compound  gas  in  which  the  pro- 
duct volume  was  four  unit- volumes;  two  unit- volumes  have  in- 
variahly  resulted  from  the  union  of  the  constituent  volumes, 
whatever  the  character  and  number  of  the  constituents.  It 
would  be  necessary  to  admit  this  substance  as  presenting  an  ex- 
ceptional volumetric  composition,  were  it  not  for  a  well-founded 
distrust  of  the  experimental  determination  of  the  vapor-density 
of  this  compound.  It  not  infrequently  happens  that  all  attempts 
to  determine  the  vapor-density  of  volatile  compounds  of  two  or 
more  elements  are  baffled  hy  their  splitting  up,  at  the  tempera- 
ture of  vaporization,  into  their  constituent  gases  or  vapors,  which, 
in  the  act  of  separating,  resume  their  own  proper  volumes,  how- 
ever much  they  may  have  been  condensed  during  combination. 
This  splitting  up  of  compound  vapors,  at  high  temperatures, 
into  less  complex  compounds,  or  into  the  elementary  constitu- 
ent, is  termed  dissociation.  Thus,  at  the  elevated  temperature 
necessary  to  convert  qninquichloride  of  phosphorus  into  vapor, 
it  is  probable  that  the  qninquichloride  splits  into  terchloride 
of  phosphorus  and  free  chlorine,  and  that  it  is  tite  specific 
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gravity  of  this  mixture  which,  has  been  determined,  instead  of 
the  specific  gravity  of  the  real  unaltered  vapor  of  the  qulnqui- 
chloride. 

Twoimit-Tolumeaof  PCI,  weigh 138*24 

Two  umt-volumea  of  CI  weigt 71" 

.    209'24 
5231 

The  specific  gravity  which  has  been  assigned  to  the  quinqmchJo- 
tide  is  52'81, — a  number  very  nearly  coincident  with  the  above 
calculated  density  of  the  mixture  of  teruhloride- vapor  and  free 
chlorine.  At  the  high  temperature  of  vaporization  it  is  there- 
fore probable  that  quinqui chloride  of  phosphorus  undergoes 
dissociation  into  terchloride  of  phosphorus  and  chlorine ;  but  if 
this  be  the  case,  these  constituents  recombine  when  the  tempera- 
ture falls,  for  hy  lowering  the  temperature  the  quia quichlo ride  is 
recovered. 

As  we  advance,  we  shall  meet  with  several  other  examples  of 
the  dissociation  of  compound  gases  and  vapors ;  for  the  present 
it  ■will  be  Bufiicioiit  to  give  one  more  illustration  of  the  meaning 
of  this  term.  "When  equal  volumes  of  dry  ammonia  and  dry 
chlorhydric  acid  gas  are  mixed  (Exp.  65),  the  two  gases  are 
completely  condensed  to  a  white  solid,  which  we  are  familiar 
with  as  chloride  of  ammonium.  Since  this  ammonium-salt  ia 
readily  volatilizable,  there  would  be  no  difficulty  in  determining 
the  product- volume  of  the  compound  of  ammonia  and  chlorhy- 
dric acid,  were  it  not  for  the  fact  that  the  vapor  of  chloride  of 
ammonium  undergoes  dissociation  at  the  temperature  of  vaporiza- 
tion. If  the  real  vapor  of  the  compound  could  be  measured,  the 
facts  would  undoubtedly  be  correctly  represented  by  the  dia- 
gram, 


HCl  -I-  NH,  =        NKCI 


but  the  vapor  of  the  compound  is  resolved  into  its  constituent 
gases  at  the  high  temperature  necessarUy  employed,  so  that  the 
following  diagram  really  figures  the  actual  stat«  of  things : — 
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When  the  di^sociateA  vapor  cnah  the  parte!  gasi"!  lec  nl  inp  to 
form  solid  chl  nie  of  j,niinDniuni 

It  IS  fbvioiis  that  the  phen  mena  of  dissociation  mtertere 
fatally  with  one  of  the  commcn  methods  of  airmng  at  the 
weight  and  structure  of  the  molecule  of  a  volatile  oompo  iiid 
the  jndire&t  meSiod  of  gettin^  at  the  vohmetiic  comi  coition  of 
a,  substance  from  its  ponderal  c  mp  'iition  and  the  speeifio  gra 
vity  of  its  vapor  letomes  impri  ticable  Tchenever  the  vapor  of 
the  Lompnund  under  examination  is  liable  to  dissociation  mas 
much  as  expenment  cannot  determine  beyo  I  a  doubt  the  real 
vapor  density  rf  such  a  bodv 

301  Bromtles  of  Phosphorus — When  a  piece  of  phDsphnrus 
18  dropped  into  bromine,  the  two  elements  oombn  with  e\plo 
sive  violence  the  burning  phosphorus  being  thrown  ibont  n  a 
highly  daTis;cioiis  miiiier  There  are  two  bron  id  s  ot  phcs 
phorus  PBr  aid  PBr,  oorrespi ndmg  to  the  tm  chlondcB 
The  terl  romid  is  hi^uid  at  ordinary  temperaturts  and  the  qum- 
qnibromide  solid. 

30a.  Iodides  of  Phospfwrus. — Iodine  tmd  phosphorus  unite 
directly,  when  brought  in  contact  with  one  another,  and  so  mnch 
heat  is  developed  by  their  union,  that  a  portion  of  the  phospho- 
rus will  take  fire  if  the  mixture  be  in  contact  with  the  air. 
There  are  two  iodides  of  phosphorus,  both  of  them  solid  at  tho 
ordinary  temperature  ;  their  composition  is  respectively  PI„  and 
PI  .  It  will  be  noticed  that,  while  the  teriodide  corresponds  to 
the  tfirchloride  and  terbromide,  the  other  compound  is  a  bin- 
iodide,  of  which  there  is  known  neither  a  bromine  nor  a  chlorine 
analogue.  The  fact  is  interesting  as  illustrating  the  general 
truth  that,  when  in  any  group  or  family  of  elements  we  compare 
the  behavior  of  its  several  members,  analogy  ceases  to  be  a  suro 
guide,  in  proportion  as  the  individuals  compared  ore  more  widely 
separated  in  the  natural  series.  Chlorine  and  bromine  stand 
next  to  one  another  in  the  family  or  series  of  elements  to  which 
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they  belong ;  and  as  we  have  just  seen,  their  behavior,  as  regards 
phosphorus,  is  well-nigh,  identical ;  but  iodine,  one  step  further 
removed  from  chlorine  than  bromine  is,  enters  into  new  eomblna- 
tions  not  altogether  conformable  to  those  of  chlorine. 

303.  Sulphides  of  Phosphorus. — There  is  a  definite  Biilpbide 
of  phosphorus  corresponding  to  each  of  the  oxides,  and  in  addi- 
tion to  these  there  are  two  other  compounds,  which,  may  be  repre- 
sented by  the  formulas  P^S,  and  P^S^j .  Sulphur  and  phosphoriis 
may  also  be  melted  together  in  any  proportion,  Tlie  sulphides 
of  phosphorus  are  exceedingly  inflammable,  taking  Are  even 
more  readily  than  phosphorus  itself,  and  they  are  all  more  readily 
fusible  than  either  of  the  two  elements  of  which  they  are  com- 
posed. They  may  be  prepared  by  heating  sulphur  under  water 
in  contact  with  melted  phosphorus.  The  union  of  the  two  ele- 
ments is  attended  with  development  of  much  heat,  and  sometimes 
with  dangerous  esplosions.  It  is  well,  therefore,  to  operate  only 
upon  small  quantities,  and  to  add  the  sulphur  gradually  to  the 
phosphorus. 


CHAPTER  XTIL 


304.  Compounds  of  arsenic  have  been  known  from  very  early 
times.  The  element  is  sometimes  found  native,  but  much  more 
frequently  associated  with  other  metals  and  with  oxygen  and 
sulphur.  The  metals  in  connexion  with  which  it  most  commonly 
occurs  are  iron,  cobalt,  nickel,  and  copper.  Ferruginous  ores 
and  deposits,  in  particular,  are  rarely  free  from  traces  of  arsenic. 
In  small  quantity,  arsenic  is  very  widely  distributed. 

The  greater  part  of  the  arsenic  of  commerce  is  prepared  from 
a  native  arsenide  and  sulphide  of  iron  (arsenical  pyrites)  corre- 
sponding to  the  formula  FeAsS,  and  from  the  arsenides  of  nickel 
and  cobalt.  Metallic  arsenic  is  obtained  directly  from  the 
mineral  of  the  formula  FeAsS  by  heating:  it  in  earthen  tubes  laiA 


I  by  Google 


242  PEOPERTIKS  OF  ABSENIC. 

horizontnlly  in  a  long  furnace  a  tube,  mado  by  rolling  «p  a 
piece  of  thin  sheet  iron,  is  inserted  m  the  mouth  of  each  eartlven. 
retort,  and  an  earthen  rectiver  is  luted  on  to  this  iron  tube 
The  araenic  condenses  prinnpally  m  the  iron  tube,  m  the  f  jnn 
of  a  compact,  whitish,  cr3^talhne  miss,  which  is  dctiched,  when 
cold,  by  unrolling  the  sheet  iron  The  metal  la  also  indirectly 
obtained  by  reducing  the  arsemoua  acid  (As^O,)  which  results 
from  roasUiiff  (heating  in  a  current  of  air)  arsenides,  like  those 
of  cobalt  and  nickel ;  this  oxide  is  heated  with  charcoal  in  earthen 
crucibles  covered  with  conical  iron  caps,  or  inveited  crucibles, 
into  which  the  reduced  metal  sublimes.  The  metiil  obtained  by 
the  second  process  is  gray  and  pulverulent,  instead  of  whitish 
and  coherent. 

FeAsS  =  FeS  +  As ;  As,0,  +  3C  =  2.is  +  SCO. 

305.  Arsenic  is  a  brittle  solid,  of  a  steel-gray  color  and  a  me- 
tallic lustre.  Its  specific  gravity  has  been  variously  given  at 
from  5'62  to  5-96.  Like  the  metals,  it  is  a  good  conductor  of 
electricity.  It  crystallizes  in  acnt«  rhomb  oh  edrons,  and  in  octa- 
hedrons also,  thus  taking  on  foiTns  of  both  the  monometric  and 
hexagonal  systems,  as  do  phosphorus,  the  preceding  member,  and 
antimony,  the  succeeding  member  of  this  family.  At  a  dull  red 
heat  it  volatilizes  without  previous  fusion  ;  the  vapor  is  colorless, 
and  possesses  a  characteristic  odor  resembling  that  of  garlic. 
The  Bpeeilc  gravity  of  this  vapor  is  ISO,  whQe  the  atomic 
weight  of  the  clement  is  75  ;  arsenic,  therefore,  resembles  phos- 
phorus, and  differs  from  all  the  other  elements  heretofore  studied, 
in  that  its  atomic  weight  is  not  identical  with  its  unit-volume 
weight ;  two  combining  proportions  by  weight  of  arsenic  occupy 
the  same  volume  as  one  combining  proportion  of  hydrogen ;  its 
symbol.  As,  represents  its  atomic  weight,  but  only  half  the 
weight  of  tho  unit-volume  of  its  vapor.  At  the  ordinary  tempe- 
rature the  compact  metal  does  not  tarnish  by  exposure  to  dry 
air,  but  a  moistened  powder  of  arsenic  is  slowly  converted  by  the 
air  into  a  mixture  of  araenious  acid  and  metallic  arsenic.  At  a 
red  heat  the  metal  burns  with  a  whitish  flame,  producing  ^  white 
smoke  of  arsenious  acid.  When  thrown,  in  fine  powder,  into 
ciilorine  gas,  it  takes  fire  spontaneously  and  is  converted  into 
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abloride  of  arsenic  (AaClj).  Bromine,  iodine,  and  aalpliiir  also 
combine  readily  with,  arsenic,  wlien  aided  by  a  gentle  heat. 
Nitric  acid  and  aqaa  regia  conTcrt  the  metal  into  arsenic  acid 
(ASjOj)  ;  ehlorhydric  acid  has  little  action  upon  it.  Dilute  sul- 
phuric acid  has  no  action  upon  the  metal ;  but  the  concentrated 
acid  has  the  same  effect  upon  arsenic  as  upon  pbosphora3{§  276); 
areenious  acid  is  formed  and  sulphurous  acid  escapes  : — 

3HjS0,  +  2As  =  AsjO,  +  380^  +  SH^O  . 
Some  fatty  oils  dissolve  arsenio  to  a  slight  extent,  as  they  do 
phosphorus.  Metallic  arsenic  unites  by  fnsion  with  moat  metals, 
forming  alloys  which  the  arsenic  tends  to  make  hard  or  brittle. 
In  the  manufacture  of  shot  a  little  arsenic  is  added  to  the  lead 
to  facilitate  the  formation  of  regular  globules, 

306.  Arsenio  and  Hydrogen. — Arsenio  forms  two  combinations 
with  hydrogen  ;  one  of  these  is  an  unstable,  brown  solid  of  un- 
certain composition  ;  the  other  is  a  well-known  gas  whose  con- 
stitution is  represented  by  the  formula  AsH,,  and  which  is 
therefore  analogous  in  composition  to  ammonia  (NH^)  and  phos- 
phuretted  hydrogen  (PHj).  The  solid  hydride  is  so  obscure  a 
substance  that  nothing  need  here  be  said  of  it,  except  that  it  is 
supposed  to  contain  two  atoms  of  hydrogen  and  one  of  arsenic 
(AsH,?). 

307.  Arsmiuretted  Hydrogen. — This  very  dangerous  gas  may 
be  prepared  in  an  impure  state  by  decomposing,  with  sulphuric 
acid  diluted  with  throe  parts  of  water,  an  arsenide  of  zinc  ob- 
tained by  fusing  together  equal  weights  of  powdered  arsenio  and 
granulated  zinc : — 

3H,S0.  +  Zn^s  =  3ZnHS0,4-  AsH, . 
As  it  is  not  possible  to    prepare  the  precise  alloy  ZttjAs,  the 
arseniuretted  hydrogen  thus  obtained  is  always  mixed  with  hy- 
drogen.    The  arsenide  of  sodium  can  be  decomposed  by  water, 
with  evolution  of  arseniuretted  hydrogen : — 

SRfi  +  N"a,As  =  SNaHO  +  AsH^ . 
The  same  remark,  however,  applies  to  this  reaction  as  to  the  pre- 
ceding one ;  the  product  is  contaminated  with  an  indeterminate 
quantity  of  free  hydrogen.     Arsoniiirettcd  hydrogen  seems  also 
to  be  formed  whenever  the  oxides  of  ai'scnic,  or  compounds  of 
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these  oxides,  are  brougbt  in  contact  with  nascent  hydrogen.  A 
mixture  of  arseniuretted  hydrogen  and  hydrogen  may  be  readily 
obtained  by  acting  upon  zinc  by  dilute  chlorhydrio  or  aulphuiic 
acid  ia  which  ar»eniou3  ac'd  baa  been  dissolved 

308    Arseiunretted  hyd  is        11      g      h       gftd 

odor  ,  even  when  very  m    h    dil  t  d  with  t  t       1 

poisonous,  and  fatal  r      1th  ptdlyfllwdts 

dental  inhalation      In       p     m    ti  ^      th  th     d    dly  tl 

greatest  care  is  requir  d      t  t    inh  1    tb    I      t  i     t  t    t 

It  has  been  condensed  t  —40  tatr  p  tlijdbtt 
has  never  been  lobdifi  d      Tb    gas  1  bl  w  t        t  th 

ordinary  timpenhireonly  t    th        t     t    f  fifth    ft       1  m 

and  neither  the  gas  nor  its  aqueous  solution  has  any  action  upo 
blue  or  red  litmus-paper.  In  spite,  therefore,  of  its  strong  resem- 
blance to  ammonia  in  composition,  some  of  its  physical  proper- 
ties are  strikingly  unlike  those  of  that  very  soluble  and  intensely 
alkaline  gas,  Arseniuretted  hydrcgen  burns  in  the  air  with  a 
whitish  flame,  forming  ■water  and  a  white  smoke  of  ar&eniiu'! 
acid ;  but  if  a  cold  body,  hke  a  piece  of  porcelain,  hr  example, 
be  introduced  into  a  jet  o£  tht  burning  gas,  the  hydrogen  alone 
will  bum,  and  tho  arsenic  will  be  deposited  m  the  met'illic 
state  upon  the  porLclim  surface  foimmg  a  lustaous  bla<,k  spot 
This  effect  is  precisely  similar  to  the  deposition  of  soot  on  a  cold 
body  held  in  the  flame  oi  <i  candle  It  is  also  decomposed  when 
caused  to  pass  through  tubes  heated  to  duU  redness,  metallic 
arsenic  being  deposited  aa  a  brown  or  blackish  mirror,  whil 
hydrogen  gas  escapes.  This  decompositun  is  a  good  illustration 
of  the  dissociation  of  ga'ies  (S,  300)  Chlorine  m  excess  reacts 
violently  upon  it,  forming  terchloride  of  arsenic  (AsClj)  and 
ehlorhydric  acid : — 

AsHj  -I-  6Ca  =  AbCI,  +  SHCl. 
When,  however,  chlorine  acts  on  an  excess  of  arseniuretted  hy- 
drogen, there  are  formed  ehlorhydric  acid  and  metallic  arsenic  ; 
flame  accompanies  this  reaction.  The  reactions  of  bromine  and 
iodine  are  similar  to,  but  less  violent  than,  those  of  chlorine. 
We  recall,  in  this  connexion,  the  decomposition  of  ammonia  by 
chlorine,  with   formation  of  ehlorhydric  acid  and  liberation  of 
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nitrogen.  Arsenmretted  hydrogen  decomposes  the  solutions  of 
the  salts  o£  many  of  the  hea^y  metals,  but  the  products  iure 
somewhat  various  ;  sometimes  a  metallic  arsenide  is  precipitated ; 
sometimes  the  heavy  metal  is  precipitated,  -while  arsenioua  acid 
remaiiis  in  the  solution.  As  we  shall  shortly  see,  the  chemical 
properties  of  this  gas  are  of  great  importance  in  the  processes 
used  for  detecting  arsenic  in  cases  of  poisoning. 

309,  Arseniuretted  hydrogen  may  be  analyzed  by  precisely 
the  same  method  which  was  used  for  tJie  analysis  of  phosphu- 
rctted  hydrogen  (§  280) ;  but  the  results  can  only  he  approxi- 
mate, because  of  the  extreme  difficulty,  not  to  say  impossibility, 
of  obtaining  the  gas  in  a  state  of  tolerable  purity.  The  compo- 
sition of  the  analogous  gases,  ammonia  and  phosphuretted  hydro- 
gen, and  the  specific  gravity  of  the  gas,  lead  lis  to  the  following 
statement  of  its  composition.     Two  volumes  of  the  gas  contain 

3  unit-volumes  of  hydrogen,  weighing      3x1      =3 
^  tmit-volume  of  arsenic- vapor,  weighing  ^  X  160  =  7S 

2  miit-volumes  of  arseniuretted  hydrogen  weigh  78 
1  tmit-volume  of  arseniuretted  hydrogen  weighs  39 
The  actual  specific  gravity  of  arseniuretted  hydrogen,  as  deter- 
mined by  esperiment,  is  as  nearly  as  possible  39, — a  fact  which 
makes  it  certain  that  two  volnraes  of  the  gas  do  not  contain  one 
volume  of  the  heavy  arsenic -vapor,  which  is  150  times  as  heavy 
as  hydrogen,  but  only  half  a  volume.  Herein  this  gas  differs 
from  ammonia,  but  resembles  phosphuretti^d  hydrogen;  The 
weight  of  the  quantity  of  arsenic  which  combines  with  three 
atoms  of  hydrogen  is  76,  just  as  the  weight  of  the  quantity  of 
nitrogen  which  combines  with  three  atoms  of  hydrogen  is  14; 
but  75  parts  by  weight  of  arsenic- vapor  only  occupy  one  half  the 
space  which  14  parts  of  nitrogen  fill. 

310.  Arsenic  and  Oxi/gen.—^A.iseaia  forms  two  well-defined 
oxides,  arsenious  acid,  As^Oj,  and  arsenic  acid,  As^Oj.  The 
black  film  which  forms  on  the  surface  of  the  metal  when  ex- 
posed to  the  air  is  by  many  supposed  to  be  a  suboxide,  while 
others  think  it  is  more  probably  a  mixture  of  metallic  arsenic 
with  arsenious  acid.  The  first  of  the  above-mentioned  acids  cor- 
responds with  nitrous  and  phosphorous  acids,  the  second  with 
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nitric  and  phosphoric ;  but  arsenious  acid  is  very  stable,  in  com- 
parison with  arsenic  acid,  while  the  rcTerse  is  true  of  the  analo- 
gous acids  containing  nitrogen  and  phosphorus.  The  element 
arBenic  possesses  many  properties  which  ally  it  to  the  metals ;  but 
in  its  compounds  its  close  connexion  with  nitrogen  and  phos- 
phorus is  dearly  exhibited.  Its  oxides,  for  example,  are  both 
acids,  and  these  adds  unite  with  the  oxides  of  the  metals  proper 
to  form  stable,  orjstallizable  salts,  which  are  in  many  casea 
isomorphous  with  the  corresponding  salts  containiug  phospho- 

311.  Arsemow  Add  (Asfi,). — Arsenious  acid,  known  in  com- 
merce as  arsenic,  or  white  arsenic,  is  obtained  as  a  secondary  pro- 
duct in  the  roasting  of  arsenical  ores  of  nickel,  cobalt,  and  tin, 
and  as  a  principal  product  in  the  roasting  of  arsenical  pyrites. 
The  Tolatile  matters  which  escape  from  the  roasted  ores  consist 
mainly  of  sulphurous  and  arsenious  aeida  ;  the  first  ia  allowed  to 
pass  off  into  the  atmosphere,  the  second  condenses  to  the  solid 
state  in  the  chambers  and  long  passages  through  which  the  vapors 
are  forced  to  pass  in  order  that  they  may  deposit  their  arsenious 
acid.  A  second  sublimation  purifies  the  raw  product.  Accord- 
ing to  the  temperature  at  which  the  arsenious  acid  is  sublimed 
and  condensed,  the  product  is  either  in  powder  or  in  transparent 
masses ;  a  low  temperature  with  sudden  condensation  yields  a 
white  powder  of  minute  crystals;  a  higher  temperature  with 
gradual  aolidiflcation  produces  a  transparent  glass. 

312.  Arsenious  acid  is  a  white  solid,  which  occurs  not  only  in 
two  conditions,  one  amorphous  and  the  other  crystalline,  but  also 
in  two  distinct  crystalline  fonns.  When  the  vapor  of  the  add  is 
cooled  so  quickly  that  it  solidifies  at  once,  without  passing 
through  the  semifluid  state,  each  partide  of  the  solid  add 
assumes  moi-e  or  less  perfectly  the  octahedral  form.  A  hot  satu- 
rated aqueous  solution  of  the  acid  also  deposits  regular  octahe- 
dral crystals  on  cooling.  The  amorphous,  glassy  variety  of  the 
acid  changes  spontaneously,  when  kept  in  contact  with  the  air, 
into  an  aggregation  of  minute  octahedral  crystais,  thereby  be- 
coming opaque  and  porcelain -like  in  appearance.  The  other 
crystaUine  form  of  arsenious  acid  is  the  right  rhombic  prism  ; 
this  form  occurs  much  less  frequently  than  the  first,  and  is  con- 
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perted  into  the  oetatedral  form  by  Bubliniation  and  by  solution 
in  hot  water. 

The  two  Tarictica  of  arsenions  acid,  the  vitreous  and  the  porcel- 
laneous, differ  decidedly  in  phj'sical  and  chemical  properties,  yet 
they  have  precisely  the  same  chemical  composition ;  and  whea 
either  variety  changes  into  the  other,  no  alteration  of  weight,  no 
addition  or  subtraction  of  matter  accompanies  the  change.  The 
two  varieties  contain  the  same  two  elements  in  precisely  the 
same  proportions.  When  two  or  more  compounds,  which  exhibit 
essential  differences  of  physical  and  chemical  properties,  are, 
nevertheless,  found  to  be  identical  in  respect  to  constituent  ele- 
ments aad  their  proportions,  the  compounds  are  said  to  be  iso- 
tr.fric  (equal  parts).  The  term  allotropism  (§  162)  properly 
applies  to  the  elements  only,  the  term  isomerism  to  compotmds 
only;  both  terms,  however,  refer  to  one  and  the  same  un- 
questionable, though  perplexing,  truth— namely,  that  the  widest 
diversity  of  properties  may  eoesist  with  absolute  identity  of 
ultimate  chemical  constitution.  Two  allotropic  states  of  the 
same  element  not  infrequently  present  more  striking  differ- 
ences than  elements  recognized  aa  distinct ;  and  among  the 
numerous  complex  compounds  of  carbon  with  which  organic 
chemistry  deals,  there  are  many  isomeric  compounds  which  are 
80  entirely  dissimilar  as  to  lead  almost  irresistibly  to  the  belief 
that  it  is  of  as  much  consequence  how  the  atoms  of  a  compound 
are  arranged  as  what  kind  of  atoms  they  are.  Araenious  acid 
does  not  afford  a  very  striking  example  of  isomerism ;  neverthe- 
less the  properties  of  its  two  modifications  are  quite  diverse.  If 
it  be  true  that  the  different  arrangement  of  atoms  is  the  cause  of 
the  diversity  of  isomeric  compounds,  it  is  evident  that  the  differ- 
ences between  two  varieties  of  a  compound  of  only  two  kinds  of 
atoms,  united  in  the  simple  ratio  of  2  to  3,  cannot  be  expected  to 
be  so  marked  as  the  differences  between  isomeric  compounds 
which  contain  four  or  five  elements  united  in  the  very  comph- 
cated  proportions  which  frequently  characterize  the  compounds 
of  carbon.  Nevertheless  the  differences  between  the  two  iso- 
meric compounds  of  arsenic  and  oxygen  are  sufiicienlly  distinct, 
The  glassy  acid  dissolves  much  more  rapidly  in  water  than 
the  porcelain-like  variety,  being  three  times  as  soluble  in  that 
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liquid.  The  relation  of  the  two  varieties  to  heat  is  not  the  same ; 
for  when  the  vitreous  acid  changes  into  the  opaque,  heat  is  disen- 
gaged. As  this  change  generaUy  takes  place  slowly,  from  the 
surface  towards  the  centre  of  any  fragment  of  the  vitreous  variety, 
the  heat  evolved  is  not  perceived ;  hut  if  the  change  be  suddenly 
accomplished,  not  only  heat,  but  light  also  will  be  disengaged, 

Exp.  122.— Dissolve  4  or  5  grms.  of  the  vitreous  acid  in  a  hot  mix- 
ture of  24  grms.  of  strung  chlorh jdrie  acid  and  8  c.  c.  of  water,  and 
let  the  solution  cool  slowly ;  the  arsenious  acid  will  orvstalliie  in 
transparent  octfttedrons,  and  the  formation  of  tte  crystals  will  be  ac- 
companied by  flashes  of  light. 

The  sppuifio  gravity  of  the  vitreous  acid  is  3-73S ;  that  ot  the 
porcellaneous  ^'699.  The  opaque  larietymaybe  changed  into 
the  vitreous  by  long  boiling  with  water.  It  appears,  therefore, 
that  the  arrangement  of  atoms  which  may  he  supposed  to  fur- 
nish, the  vitreous  acid  is  stable  only  at  high  temperatures,  and 
that  the  arrangement  of  atoms  which  is  peculiar  to  the  opaque 
acid  is  stable  only  at  low  temperatures. " 

313.  Arseniotis  acid  volatilizes  without  change  ■when  heated 
with  free  access  of  air ;  if  heated  in  contact  with  carbon,  it  gives 
up  its  oxygen,  and  metallic  arsenic  is  liberated.  Copper  and 
many  other  metals  reduce  arsenious  acid. 

.Erp.  123.— Place  a  few  particles  of  arsenions  acid  in  an  open  tube 
of  hard  glass  (No,  5)  aliout  10  cm.  long,  and  heat  the  acid  over  the 
lamp,  holding  the  tube  in  a  sloping  position  ;  the  white  solid  will  he 
volatilized,  but  it  wiU  immediately  be  deposited  again  upon  tie  cold 
part  of  the  tube.  By  the  lud  of  a  lens,  this  deposit  may  be  seen  to  be 
crystalline. 

Fig.  46.  Exp.  124.— Drop  into  the  point 

"  of  ft  drawn-out  tube  of  hard  glass, 
No.  5,  a  morsel  of  ai'senious  acid, 
and  above  it  place  a  splinter  of 
chareoal  (Fig.  46);  heat  the  coal 
yed-hot  in  the  flame  of  the  lamp, 
and  then  volatiliKe  the  arsenious  acid.  The  acid  will  give  its  oxygen 
to  the  coal,  and  the  arsenic  will  be  deposited  in  a  ring  on  the  cold 
part  of  the  tiibe,  presenting  a  brilliant  metallic  appearance. 

Eap.  125. — Throw  a  particle  of  arsenious  acid  upon  a  piece  of  red- 
hot  charcoal ;  the  acid  will  be  partly  reduced,  and  the  peculiar  garlic 
odor  of  the  vapor  of  metallic  arsenic  will  be  perceived. 
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Exj)  126  —Dissolve  a  few  centigrammes  of  araenious  acid  in  5  or  fl 
c  c  of  olilorhydric  acid  heated  in  a  teat-tube  i  in  the  hot  solution 
immerse  a  narrow  strip  of  clean  copper ;  an  iron-gray  film,  will  he  de- 
posited upon  Ike  copper.  This  coating  contains  metallic  arsenic  de- 
nied from  the  arsenious  acid;  it  consists  of  an  alloy  of  arsenic  and 
copper 

314  It  IS  very  difficult  to  say  what  the  soluhility  of  arsenious 
acid  in  water  really  is.  The  results  of  different  experimenters 
-p.'esent  very  wide  discrepancies,  due  in  part  to  the  fact  already 
stated,  that  the  two  modifications  of  arsenious  acid  are  of  unlike 
aoluhility,  and  in  part  also  to  the  circumstance  tliat  the  acid  dis- 
solves with  extreme  slowness.  The  difficulty  of  the  determina- 
tion is  increased  hy  the  readiness  with  which  either  modification 
passes  into  the  other  in  oonsequeneo  of  changes  of  temperature ; 
it  is  quite  possihle  that  both  varieties  may  simultaneously  exist 
in  the  same  solution.  A  hot  aqueous  solution  usually  contains  1 
part  of  the  acid  in  10  or  12  parts  of  water ;  on  cooling  this  solu- 
tion, a  portion  of  the  acid  separates,  leaving  a  solution  which 
contains  1  part  of  acid  in  20  to  30  parts  of  water.  The  aqueous 
solution  has  a  feeble  acid  reaction.  No  definite  hydrate  of  arse- 
nious acid  is  known.  The  acid  is  much  less  soluble  in  alcohol 
than  in  water.  Hot  chlorhydric  acid  dissolves  it  with  facility, 
and  when  cold  retains  a  large  proportion  in  solution;  other  acids, 
even  some  vegetable  acids,  dissolve  it  readily  when  hot,  thoi^ 
most  of  them  keep  but  little  in  solution  when  cooled.  When  the 
Bolution  of  arsenious  acid  in  chlorhydrie  acid  is  evaporated,  a 
compound  of  chlorine  and  arsenic,  the  terehJoride  of  arsenic 
(§  336),  is  volatilized,  and  the  solution  thus  loses  a  portion  of 
its  ai'senic.  Ttiis  fact  is  of  importance  in  examinations  for  arsenic 
in  eases  of  suspected  poisoning. 

315.  Solutions  of  caustic  soda  and  potash  readily  dissolve  the 
acid,  a  soluble  arsenite  of  sodium  or  potassium  resnlting  from 
the  reaction.  Prom  these  arsenites  of  sodium  and  potassium 
the  arsenites  of  other  metals  are  generally  obtained  by  the  way 
of  double  decomposition.  The  arsenites  are  numerous,  but  they 
are  not  very  stable  and  have  been  but  little  studied. 

316.  Arsenious  acid  is  oxidized  and  converted  into  arsenic 
add  by  digestion  with  nitric  acid.     The  same  transformation  is 
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brought  about,  but  quicker,  by  the  action  of  aqua  regta,  and  by 
chlorine,  bromine,  and  iodine  in  presence  of  water.  When 
iodine  is  added  to  a  solution  of  arseiiious  acid  mixed  with  a 
little  starch. -paste,  the  whole  of  the  arsenious  acid  is  converted 
into  arsenic  acid  before  any  blue  coloration  of  the  starch  is  pro- 
duced by  the  iodine.  These  facts  are  turned  to  account  in  the 
volumetric  determination  of  chlorine  (§  565),  Sulphuretted  hy- 
drogen colors  an  aqueous  solution  of  arsenious  aeid  yellow,  and 
precipitates  a  yellow  sulphide  of  arsenie  (§  210)  from  a  solutdon 
acidulated  with  chlorhydric  acid. 

Arsenious  acid  is  a  violent  poison,  all  the  more  dangerous 
because  it  has  neither  taste  nor  odor  to  warn  the  victim  of  its 
presence ;  two  decigrammes  of  it  wiU  caiise  death.  All  the  solu- 
ble salts  of  arsenious  acid  are  likewise  honibly  poisonous.  The 
best  antidote  to  the  poison  is  a  mistuie  of  moist,  freshly  precipi- 
tated sesqnioxide  of  iron  and  caustic  magnesia. 

317.  Arsenious  acid  is  largely  used  for  the  manufacture  of 
two  green  paints,  an  arsenite  of  copper  and  a  compound  of 
arsenito  and  acetate  of  copper;  it  is  applied  as  an  oxidizing 
agent  in  the  manufacture  of  glass;  it  is  used  for  poisoning  ver- 
min, and  is  consumed  in  considerable  quantities  for  producing 
the  arsenic  acid  which  is  used  in  the  dyeing  and  printing  of 
doth,  and  in  the  manufacture  of  aniline  colors ;  it  is  used  in 
very  small  doses  as  a  remedy  for  asthma,  and  in  some  skin-dis- 
eases. Although  the  acid  is  so  .violent  a  poison,  it  seems  to  be 
possible,  by  beginning  with  small  doses  and  gradually  increasing 
them,  to  accustom  the  human  body  to  sustain,  without  injury, 
doses  of  2  to  3  decigrammes,  or  even  more ;  tho  arsenic  thus 
taken  is  said  to  produce  a  plump  and  healthy  appearance  in  those 
who  use  it,  and  especially  to  increase  the  power  of  the  respira- 
tory organs.  In  veterinary  practice,  it  has  been  found  that 
arsenious  acid  administered  to  animals  in  this  manner  improves 
tiie  appearance  of  the  skin. 

318.  Arsenic  Arid  (As^O,). — This  compound  is  produced  by 
oxidizing  arsenioiM  acid  with  nitric  acid,  aqua  regia,  hypoehlorous 
acid,  or  other  oxidizing  agents. 

Exp.  127. — Add  4  grms.  of  powdered  arsenious  acid,  little  by  little, 
to  a  mixture  of  4  grma.  of  concentrated  nitric  acid,  and  8  grms.  of 
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concenfrated  chlofhydrfc  acid,  contained  in  a  small  evaporating  dish, 
and  gently  heated  over  a  lamp  in  a  strong  current  of  air,  or  beneath 
a  well- ventilated  hood.  The  lii^iiid,  which  at  first  gives  off  red  fumes 
in  considerable  C[iiantity,  must  be  evaporated  until  it  assumes  a  ayrupy 
consistency,  resembling  that  of  oil  of  vitriol  This  syrupy  liquid  is 
arsenic  acid. 

319.  The  syrupy  solution  thns  obtained  deposits,  after  stand- 
ing for  some  days,  at  the  ordinary  temperature,  transparent 
elongated  prisms  or  rhomboidal  laminie.  ITiese  ciystals,  heated 
to  100°,  first  melt  and  then  yield  the  torhydrate  of  arsenic  acid 
(3H,0,ASjO,  =  2H,AaOJ  as  a  crjstalline  precipitate.  The 
same  hydrated  acid  separates  in  large  prismatic  crystals  when  a 
concentrated  aqueous  solution  is  cooled  to  a  low  temperature. 
There  are  two  other  hydrates  of  the  oxide  As^Oj,— a  bihydrate, 
2HjO,As50,  ==  H^As^O,,  and  a  monohydrate,  HjOjAs^O,  — 
2HASO3 ;  both  these  lower  hydrates  are  obtained  from  the  ter- 
hydrate  by  subjecting  the  latter  to  the  prolonged  action  of  certain 
temperatures.  If  eitlier  of  the  hydrates  be  heated  to  dull  red- 
ness, a  white  amorphous  mass  remains,  which  is  the  anhydrous 
acid,  ASjOj ;  this  substance  has  no  action  upon  Htmus,  and  seems 
to  be  scarcely  soluble  in  water.  After  long  exposure  to  moist 
air,  it  slowly  deliquesces,  and  if  covered  with  water  and  soaked 
for  a  long  time,  it  at  last  dissolves,  being  probably  converted  into 
the  soluble  terhydrate.  At  a  full  red  heat  it  is  resolved  into 
arsenious  acid  and  oxygen. 

320.  In  spite  of  the  recognized  existence  of  three  solid  hy- 
drates of  arsenic  acid,  there  is  but  one  aqueous  solution  of  this 
acid,  inasmuch  as  the  monohydi-ate,  the  bihydrate,  and  the  anhy- 
dride, are  all  immediately  converted  into  the  terhydrate  when 
dissolved  in  water.  The  solution  has  a  very  sour  taste"  and  a 
strong  acid  reaction  on  vegetable  colors.  The  concentrated  liqiud 
is  highly  corrosive  and  produces  blisters  on  the  skin.  Arsenic 
acid  and  its  salts  are  poisonous,  but  not  in  so  high  a  degree  as 
arsenious  aeid  and  the  arsenites. 

321.  Arsenic  acid  is  a  strong  acid,  capable  of  expelling  all 
the  more  volatile  adds  from  their  salts  at  high  temperatures. 
Its  three  hydrates  are  strictly  comparable  with  the  three  hydrates 
of  phosphoric  acid. 
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Jl'/drates  (HPO^  HAaO,      1        Hydrate* 

of  \  H,P,Ot  H,As„0,  \  of 

Phosphoric  Add.    \  H^POj  H,AsO,    )  Arsenic  Add. 

Either  one,  two,  or  all  three  of  the  hydrogen,  atoms  ia  common 
arsenic  acid,  HjAsO^,  mav  he  replaced  by  a  metal,  so  that  three 
arseniates  of  any  one  metal  may  exist,  as  for  example, 

NaHjAsOj  NitjHAsO,  Na^AsO^ 

Add  Arseniate  "Neutral"  Areeniate  Basia  Areeiaale 

of  Sodium.  of  Sodium.  of  Sodium. 

It  an  acid  arseniate  be  snitably  heated,  a  meta-arseniate  results, 
as,  for  example,  IfaAsOj  =  NaH^AsO^  —  'H^O ;  if  a  neutral 
arseniate  be  sufficiently  heated,  a  pyro-arseniat«  results,  as,  for 
example,  Na^AsjO,  =  2NajHAsOj  —  H^O  ;  but  such  meta-  and 
pyro-arseniates,  unlike  the  corresponding  meta-  and  pyro-pbos- 
phates,  have  very  little  stability,  take  up  again  the  molecule  of 
water,  which  the  heat  expelled,  the  laoraent  they  are  brought  in 
contact  with  water,  and  are  so  changed  back  again  into  salts  of 
ordinary  arsenic  acid.  The  salts  of  arsenic  acid  are  isomorphous 
throughout  with  the  corresponding  phosphates, 

322.  Arsenic  acid  is  readily  reduced  to  arsenioua  acid,  and, 
consequently,  acts  in  some  cases  as  an  oxidizing  agent.  Thus 
sulphurous  acid  reduces  arsenic  acid,  and  ie  itself  converted  into 
sulphuric  acid : — 

SH^AsO^  +  2S0^  =  2H,80^  +  As^O,  +  H^O. 
Sulphydnc  acid  gas,  passed  throflgh  a  not  too  concentrated  solu- 
tion of  atsenic  acid,  slowly  precipitates  tbe  yellow  tersulphide  of 
arspnic,  the  action  being  assisted  by  beat  and  by  the  presence  of 
another  acid.  Charcoal  and  the  metals  at  a  red  heat  reduce 
arvenit  acid  to  the  metallic  state,  jitst  as  they  do  arsenious  acid, 

32S  Arsenic  acid  has  been  extensively  used  in  calico-print- 
ing, m  place  of  the  more  expensive  tartaric  acid,  for  developing 
white  p.itteras  on  a  colored  ground  in  the  chloride-of-lime  vat. 
It  is  also  an  excellent  preservative  of  animal  substances,  and  is 
accordingly  used  to  defend  the  specimens  and  preparaiions  of 
the  anatomist  and  naturalist  firom  decay  and  from  the  attack  of 
insects. 

S24.  Detection  of  arsenic  tn  eases  of  potsoninff.—'Seaii.j  ail 
compounds  of  arsenic  are  poisonous ;  but  arsenious  aeid  is  best 
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known  and  most  easily  procured,  and  b  therefore  most  likely  to 
be  met  with,  ia  cases  of  poisoning  by  arsenic,  whi.-ther  accidental 
or  inteBtioaal.  Ia  criminal  trials  the  solubility  of  arsenious  add 
thftb  hd'  dbt  this  is  practically  a 

p      t    f  littl     mp    t  t      th     tast  1       p  ison  is  generally 

dm       t      d        h        1  d    t  t  1  w  tl        p,  gniel,  milk,  or 

■with     bd  f    d     It  tl  t  m     h  j;  p  ns  that  small  par- 

tlfthp  hfdlh  t     culinary  vessds, 

p     pi  t  p  t    tl  t    ga  of  the  stomach 

d      t    t  fl      d    th      If  th  acid  is  too  finely 

dddthpkl      t        1  mp      t       y       letimcs  be  sepa- 

t  d  b     t  rr         p  th  im.d  m      t      ,  with  water,  and 

leayiEn  tte  heavier  paiticles  io  settle.  Any  solid  arsenioiis  acid 
that  may  be  present  will  be  sure  to  be  found  in  the  residue  ;  it 
may  be  washed  with  cold  water.  It  is  always  very  satisfactory 
thus  to  obtain  the  solid  poison  in  the  condition  in  which  it  was 
administered,  because  the  examination  is,  in  such  cases,  very 
direct  and  conclusive.  It  is  only  nece^ary  to  try,  with  the  white 
powder  thus  obtained,  the  experiments  already  given  to  illustrate 
the  properties  of  arsenious  add  (Exps.  123-126),  together  with 
certain  other  discriminating  testa  shortly  to  be  described. 

325.  It  more  frequentlj  happens,  however,  that  the  arsenic 
has  been  dissolved  by  the  acid  secretion  of  the  stomach,  and  has 
become  intimately  mixed  with  the  food  or  escretions,  or  incor- 
porated into  the  substance  of  thfi  organs  themselves.  The  exa- 
mination then  become  more  difficult.  The  reduction  of  arsenious 
ueid  by  copper  (Exp.  126)  is  an  available  test  in  such  casea. 
To  the  suspected  matter,  if  liquid,  about  one-sixth  of  its  bulk  of 
chlorhydric  add  is  added,  and  the  mixture  is  gently  boiled. 
Solid  tissues  mnst  be  cut  into  small  pieces  and  boiled  for  some 
time  with  dilute  chlorhydric  acid  (1  part  acid  to  6  parts  water) 
until  the  whole  is  disintegrated  ;  this  solution  is  finally  darified 
by  filtration.  Strips  of  copper  gauze  or  foil  are  then  immersed 
in  the  boiling  liquid ;  and  if  any  gray  deposit  is  produced,  fresh 
pieces  of  metal  are  added  so  long  as  the  color  of  the  copper  is 
perceptibly  changed.  They  are  then  removed,  washed  with 
water,  dried,  folded  up,  placed  in  a  dry  tube  of  hard  glass  and 
gently  heated.     Some  of  the  metallic  arsenic  in  the  gray  alloy 
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will  be  converted  into  arsenious  acid,  which  collects  on  the  cold 
part  of  the  tube  ia  the  form  of  a  crystalline  sublimate.  To  this 
sublimate  all  tests  for  the  identification  of  araenioua  acid  can  he 
applied.  This  mode  of  operation  is  known  as  Eeinsch's  test. 
The  chlorhydiie  acid  employed  mnst  be  proved  to  be  free  from 
arsonic. 

326.  Another  method  of  separating  arsenious  acid  from  the 
organic  matters  with  which  it  is  mixed  is  that  of  dialysis,  a  pro- 
cess which  depends  upon  the  very  different  rates  at  which  differ- 
ent substances  diffuse  through  water. 

.Er^.  128.— Select  two  straight-sided  bottles  of  clear  glasa  about  15 
cm,  deep  and  8  to  9  e,m,  -wide.  Fill  them  seven-eighths  full  of  dis- 
tilled water,  or  any  pure  soft  water.  Dissolve  10  grma.  of  bichromate 
of  potassium  in  100  c.  c.  of  water :  suck  as  ranch  of  this  solution  as 
will  £11  tte  remaining-  eighth  of  one  of  the  above-mentioned  bottles 
into  ft  pipette  (Appendix,  5  22),  and  carefully  convey  the  colored  fluid 
to  the  bottom  of  the  bottle  by  bringing  the  fine  point  of  the  pipette  to 
the  bottom  of  the  bottle  nnd  then  allowing  the  hquid  to  flow  very 
slowly  out  of  the  pipette.  If  time  enough  (5  or  6  minutes)  be  taken 
for  this  process,  no  sensible  intermixture  of  the  two  liquids  will  take 
place  during  the  delivery.  Dissolve  10  grma,  of  caramel  (melted  and 
partially  burnt  sugar)  in  100  c.  c.  of  water,  and  convey  to  the  bottom 
of  the  second  bottle,  in  the  same  manner  as  before,  enough  of  the 
dark-colored  solution  to  fill  the  bottle. 

The  two  bottles  are  left  at  rest  for  several  days  in  a  room  where  the 
temperature  is  nearly  constant.  Spontaneous  diffusion  immediately 
begins;  and  the  very  different  rates  at  which  the  two  colored  sub- 
stances diftnse  upwards  through  the  water  should  be  from  time  to 
time  observed. 

327.  Substances  which  have  a  comparatiTely  high  diffusive 
power  liave  generally,  though  not  invariably,  the  power  of  orys- 
taJliring ;  their  solutions  are  generally  free  from  viscosity,  and 
always  have  taste.  Such  substances  are  designated  by  the  term 
crysttdhuh.  Among  crystalloids  there  are  wide  differences  of 
diffusive  power ;  thus  caustic  potash  diffuses  twice  as  fast  as  sul- 
phate of  potassium,  and  sulphate  of  potassium  twice  as  fast  as 
sulphate  of  magnesium. 

Substances  of  very  low  diffusive  power  have  little,  if  any, 
tendency  to  crystallize,  and  affect  a  vitreous  structure.     Such 
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anbRtmcea  aie  often  very  soluUe  m  water;  but  their  solutions 
hue  alwavs  i  ceitdin  de^^rte  of  Titcosity  when  concentrated, 
and  are  insipid  or  wholly  tasteless  By  comhining  with  water, 
thpse  substances  aie  apt  to  foim  jellies.  Gelatine  has  been 
tikrn  as  the  type  of  this  das'!,  and  they  have  henee  hcen 
cillcd  c(iUoi(h,  a  nami,  denied  from  Greek  words  signifying 
'jhte  hJ  e  Among  the  colloids  rank  hydrated  silicic  acid,  alumina, 
stiiTLb  gums,  caianiel,  albumen,  and  animal  and  vegetable  extrao- 
ti\e  matters 

As  we  can  separate  by  means  of  distillation  or  evaporation  two 
bodies  of  different  volatility,  so  by  the  did  of  difliision  we  can  separate 
one  Bnbstanee  more  or  less  completely  from  another.  Jellies  and  col- 
loid membranes  are  permeable  to  crystalloids,  but  are  practically  im- 
permeable by  colloids  like  themselves.  By  means,  therefore,  of  a 
colloidal  diaptiTigni,  or  partition,  crystalloids  can  be  separated  from 
colloids  by  diffusion.  The  most  suitable  substance  for  the  dialytic 
diaphragm  is  parchment  paper,  prepared  by  soaking  unglazed  paper, 
for  a  few  seconds,  in  a  mixture  of  6  parts  of  strong  sulphuric  acid  and 
1  part  of  water,  and  immediately  washing  it,  first  in  water  and  tben  in 
water  containing  ammonia.  The  paper  Bubjected  to  this  treatment 
becomes  semitransparent  and  tDugli,  like  parchment. 

A  dialyser,  as  the  apparatus  for  effecting  separation  by  diffusion  is 
called,  consists  of  two  gutta-percha,  or  wooden,  hoops,  one  of  which 
should  be  6  cm.,  and  the  othi^r  2'S  cm.  deep.  The  deeper  hoop  ia 
slightly  conical,  and  the  shallower  must  eUp  over  the  small  end  of  the 
deeper.  The  hoops  may  be  from  15  to  .25  cm.  in  diameter.  The 
parchment  paper,  which  is  to  form  the  bottom,  must  be  about  8  cm. 
wider  than  the  small  end  of  the  5  era.  hoop.  To  prepare  the  dialyzer 
for  use,  soak  the  parchment  paper  for  about  a  minute  in  distiUed  water; 
stretch  it  evenly  over  the  small  end  of  the  6  cm.  hoop  and  strain  it 
on  tightly  by  pushing  over  it  the  25  cm.  hoop.  The  paper  must  he 
pressed  smoothly  up  round  the  outside  of  the  deepor  hoop,  and  the 
bottom  must  be  flat  and  even. 

Tbere  must  be  no  small  holes  in  the  paper.  To  detect  such,  put 
distilled  water  into  the  dialyser  to  the  depth  of  6  m.m.,  and  place  the 
dialyzer  on  some  white  blotting-paper.  If  any  wet  or  dark  spots  ap- 
pear, they  indicate  the  existence  of  small  holes.  To  close  such  holes, 
apply  to  the  under  surface  of  the  paper  about  the  holes  some  solution 
of  albmnen,  put  on  a  small  patch  of  parchment  paper,  and  iron  the 
patch  with  a  hot  smoothing-iron.  The  albumen  will  coagulate,  fix 
the  patch,  and  close  the  hole. 

Bxp.  129. — Into  the  dialyzer  so  prepared  pour  an  aqueous  solution 
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CODtaining  five  per  cent,  of  cane-sugar  and  five  per  cent,  of  gum 
wabic,  to  the  depth  of  about  1-25  cm.  Then  float  the  dialyzer  on 
distilled  water  contained  in  a  flat  basin.  The  volume  of  water  in  the 
basin  should  be  from  5  to  10  times  aa  jreat  as  the  yoiume  of  the  fluid 
in  the  dialyzer.  The  wider  the  dialyzer  and  the  greater  the  quantity 
of  distilled  water  in  the  outer  basin,  the  more  rapid  and  eflective  the 
diffusion.  A  dialyzer  16  cm.  in  diameter,  serves  to  operate  upon  200 
to  250  c.  c.  of  liquid ;  one  of  20  cm.  upon  400  to  450  c.  c. ;  one  of  25 
cm.  upon  600  c.  c 

After  the  lapse  of  twenty-four  hours,  the  water  in  the  basin  should 
be  poured  into  an  evaporating-dish  and  gently  evaporated  over  a  water- 
bath.  Pure  sugar  will  crystallize  from  the  solution.  The  sugar,  a 
crystalloid,  has  passed  through  the  diaphragm ;  the  gum,  a  colloid,  has 
remained  in  the  dialyzer.  It  should  be  remarked  that  gum  is  wholly 
unctyatallizahle  and  that  the  m'-^ed  s  1  ti  nnfftu  an!  u  ar  will  not 
yield  crystals  but  only  an  am  rpho      n  ass,  wb  apo     ed 

328.  By  me  ns  of  th  s  d  alyz  ng  apparatus  arsen  oua  ac  d 
Baits  of  the  me  Is  st  ychn  ne  i  d  other  eryataU  zible  po  ons 
mineral  and  organ  c  can  be  r  qd  ly  sejaratel  f  om  o  game 
fluids ;  and  tl  e  pro  ess  has  the  ve  t  gred,t  1 1  a  tage  of  mtro 
dttcing  no  metal  chera  eal  reagent  or  otner  fore  gn  substan  e 
into  the  flu  Is  nder  exam  n  t  on  After  twenty  fo  r  h  urs  the 
cryatallizable  poL  on  or  a  large  prop  rt  of  t  w  U  1  a  e  been 
transferred  to  the  d  tilled  water  tl  e  outer  b  s  n  anl  th  a 
solution  it  may  be  sought  for  by  the  -ippl  cat  on  ot  the  a^pro 
priate  tests 

Exp.  ISO.^Diasolve  01  grm.  of  araenious  acid  m  about  30  c  c.  of 
hot  water,  and  stir  the  solution  into  about  200  c.  C.  of  milk,  .ale,  soup, 
gruel,  or  other  thick  oi^anic  fluid;  place  the  poisimotm  fluid  in  a  15 
cm.  dialyzer  and  float  the  dialyzer  on  two  litres  of  distilled  water  in 
a  clean  basin.  Allow  the  apparatus  to  stand  at  rest  in  a  room  where 
the  temperature  is  tolerably  uniform  for  forty-eight  hours.  At  the 
expiration  of  this  time,  transfer  the  clear  solution  in  the  basin  to  an 
evaporating- dish,  without  losing  a  drop,  rinse  the  basin  carefully  with 
distilled  water,  and  add  the  rinsings  to  the  contents  of  the  dish  ;  eva- 
porate the  solution  over  a  waler-bath  (see  Appendix,  5  14)  to  the  bulk 
of  50  c.  c.  To  one-third  of  this  concentrated  solution  add  a  few  drops 
of  pure  chlorhydric  acid,  and  apply  Eeinsch's  test  for  arsenic  (5  325), 
with  due  regard  to  the  small  scale, on  which  tie  operation  must  be  con- 
ducted. About0-026grm.  of  arsenious  acid  is  the  quantity  which  may 
be  expected  to  respond  to  the  t«st  by  copper.    Three-quarters  of  tl» 
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orifiiaal  deeigramme  should  ba  transferrea  by  diffusion  through  the 
dialyner  in  the  cours«  of  forty-eight  hours,  and  of  this  solution  of  this, 
0-075  grm.  of  arsenious  acid  we  have  taken  one-third.  The  reat  o( 
the  solution  is  to  be  reserved  for  teats  hereafter  to  be  described. 

32y.  When  the  aiisenions  acid  must  be  sought  in  large  organs 
of  the  body,  like  tho  stomach,  liver,  or  intestines,  or  in  consider- 
able quantities  of  disgusting  semifluid  materials,  it  is  sometimes 
necessary  to  utterly  destroy  the  organic  matters  by  processes 
which  cannot  cause  the  loss  of  arsenic.  Several  methods  may  he 
employed  for  this  purpose.  1.  Tho  organic  matter  is  gently 
heated  in  a  tubulated  retort  with  strong  chlorhydric  acid,  and 
strong  nitric  acid  is  added  from  time  to  time.  The  organic  mat- 
ter is  thus  completely  destroyed,  with  the  exception  of  the  fat. 
A  cooled  receiver  is  connected  with  the  retort  to  condense  the 
distillate  from  the  hot  mass.  The  fat  is  separated  from  the  clear 
liquid  in  the  retort  by  deoantation,  and  well  washed  with  water ; 
these  washings,  together  with  the  distillate  iu 
added  to  the  main  bulk  of  the  fluid.  2.  Chlorate  of  p 
may  bo  added  instead  of  nitric  acid.  3.  The  organic  matter, 
after  being  made  as  fine  as  possible,  is  stirred  up  with  water, 
and  chlorine  gas  is  passed  through  the  liquid  until  the  organic 
substances  are  partly  destroyed  and  partly  deposited  in  bro\Tn 
flakes. 

All  these  processes,  and  there  are  others  based  on  like  prin- 
ciples, are  processes  of  combustion ;  aqua  regia,  chlorate  of  po- 
tassium, and  chlorine  are  osidizing  agents  of  groat  power,  as  we 
have  already  seen ;  they  burn  the  carbon  and  hydrogen  of  tho 
organic  materials  as  literally  as  the  oxygen  of  the  air  burns  the 
coal  in  the  i^ate  Tho  arsenic  also  is  oxidized  and  converted 
into  its  high  st  os  de  a  seme  acid.  Whenever  chlorhydric  acid 
is  used,  an!  heat  s  appl  ed,  there  is  danger  that  chloride  of 
arsenic  (AsCl^)  may  be  f  -med ;  this  chloride  is  a  volatile  body, 
against  who  e  1  s  p  aut  ona  must  be  taken,  by  never  allowing 
the  temperat  e  of  the  fluids  to  rise  much  above  100°,  and  by 
collecting  any  di.tallate  which  may  be  formed  under  circumstances 
which  make  it  possible  for  this  chloride  to  be  evolved, 

330.  All  these  methods  of  destroying  the  organic  matters  in 
which  arsenious  acid  is  to  be  sought  for  are  liable  to  one  objec- 
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tion.  Considerable  quantities,  even  kilogrammes,  of  acids  must 
be  nsed,  if  tlie  quantity  of  organic  substance  to  be  destroyed  is 
large ;  oUorhydric  and  sulphuric  acida  very  commonly  themsckes 
contain  arsenic,  and  since  the  liquids,  which  result  from  the  de- 
struction of  the  oiganie  tissues,  are  finally  evaporated  to  a  very 
small  bulk,  all  the  arsenic  in  several  kilogrammes  of  the  acids 
employed  is  well  aa  all  the  arsenic  which  may  have  been  con 
ta      d  n  tl    b  lily     gan       fl     1      bm  tt  d  t  t        will 

b  t    t  d     t  m  11      pf  1    f  1  q    d      It         bvj      ly 

n  ytdmttthtthn,  t  tb 

It  d  f  m  tb  m  q  1 1  f  th  am  d  t  lly 
mpl  y  d       bj    t  d  t    tb        m  t    p      t  Tb    b    t 

w  t  dtpralll  t  fmlmX 

g  111  h  bthdtalp  oce&  d 

th  whttthmhmlmtlmtbm 

pi  y  d  th  ra      ti  n     f  th  p    ted    ub  f  f 

arsenic  is  found  in  the  latter  investigation,  but  not  in  the  parallel 
examination  of  the  normal  animal  substances,  it  will  be  quite 
certain  that  the  arsenic  was  not  derived  irom  the  chemicals  em- 
ployed in  the  research. 

331.  When,  by  any  of  the  processes  above  described,  a  clear 
arsenical  solution,  free  from  organic  matter,  has  been  obtained, 
the  identifioation  of  the  arsenic  may  be  accomplished  by  many 
methods,  of  which  the  two  following  will  serve  as  examples  :■— 

1,  By  preeipitation  as  sulphide  of  arsenic. — If  the  clear  solu- 
tion contains  arsenic  acid,  it  is  necessary  to  reduce  this  oxide  to 
araeniouB  acid  before  the  precipitation  can  be  effected.  This  re- 
duction may  be  accomplished  by  passing  a  slow  stream  of  washed 
sulphydric  acid  gas  (§  202)  through  the  solution  for  several 
hours,  but  may  be  immediately  effected  by  saturating  the  solu- 
tion with  Bulphurous  acid  gas,  the  superfluous  gas  being  finally 
expelled  by  gentle  beating.  After  the  reduction  has  been 
effected,  a  slow  stream  of  washed  sulphydric  acid  gas  precipitates 
the  yellow  sulphide  of  arsenic  from  the  liquid. 

Sxp.  131. -^Acidulate  one-half  of  the  liciuid  reserved  from  Exp. 
130  with  pure  chlorhydric  acid,  place  it  in  a  small  beaker  glass  and 
pass  a  slow  stream  of  washed  sulphydric  acid  gas  through  the  solution. 
The  delivei^'  -tube  of  the  gas  ^pold  be  small  and  the  curi'ent  alow ;  s 
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piece  of  nnglazed  psper  should  be  uaed  as  a  cover,  in  order  to  keep 
the  beaker  full  of  the  g-as.  A  yellow  precipitate  (Aa^Sg)  ■will  appear, 
indicating  the  probable  presence  of  arsenic.  When  no  more  precipi- 
tate seems  to  form,  stop  the  current  of  gas,  ana  let  the  beaker  stand  in 
ft  warm  place  till  the  odor  of  the  gas  ha"*  nearly  diaappeaied  Collect 
the  precipitate  on  a  small  filter  (see  Appendi't,  S  14),  wa  h  it  tho- 
roughly with  water,  and  dry  it. 

Exp.  132. — Mix  intimately  the  dry  precipitate  obtaiupd  m  the  li&t 
experiment  with  its  bulk  of  dry  carbonat*  of  sodium  and  its  bulk  of 
dry  cyanide  of  potassium,  and  introduce  thia  mixture  into  a  hard  p^la^s 
tube  (No.  5),  the  end  of  which  has  been  closed  and  expanded  to  a  small 
bulb.  If  the  precipitate  stick  to  the  fllter-paper,  it  must  be  scraped 
off.  Warm  the  bulb  and  its  contents  over  the  lamp  toexpel  moisture, 
then  wipe  the  tube  out  with  a  tuft  of  cotton  on  the  end  of  a  wire,  and 
bring  the  bulb  to  a  red  heat  A  ring'  of  mi>tallie  ar  eni  like  that  of 
Exp.  134,  will  be  deposited  in  the  tube.  Preserve  thiametillic  mirror 
for  subsequent  study. 

2.  ByconversuminUi  arseniuretiedhi/  Irogen  — When  an  aqueous 
or  acid  solution  containing  arsenious  or  arsenii,  ai,id  is  added 
to  the  contents  of  a  flask  in  which  hydrogen  is  being  generated, 
the  nascent  hydrogen,  reduces  the  oxidi  of  arsenic,  and  there  is 
formed  a  quantity  of  arseniuretted  hjdrcgtn,  which,  mixes  with 
the  nncombined  hydrogen  evolved.  (Compile  §  307)  This 
arseniuretted  hydrogen  is  decomposed,  with  deposition  of  metallic 
arsenic,  by  being  passed  through  a  red-hot  tube.  The  undecom- 
posed  gas  burns  with  a  whitish  flame;  and  if  a  cold  body  be  held 
in  the  flame,  a  spot  of  metaUic  arsenic  will  be  deposited  upon  it, 
(See  §  308.)  Upon  these  properties  and  reactions  is  based  the 
process  for  detecting  arsenic  known  as  Marsh's  test. 


Fig.  47. 


,  133. — To  a  bottle  prepared  for  generating  hydrogen  from 
nc  and  dilute  sulphuric  acid,  adapt  a  chloride-of-calcium  tube, 
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and  with  the  outer  end  of  this  drying-tube  connect  a  tube  of  liard  glass 
(No,  4)  which  has  been  twice  drawn  ta  a  tine  bore  and  which  tenni- 
nates  in  a  fine  open  point.  (Fig.  47.)  Support  this  long  tuhe  at 
three  or  four  points,  in  Buch  ft  manner  that  the  softening  of  the  glass, 
first  at  the  point  a,  and  then  at  the  point  6,  shall  not  distort  the  tube. 
By  adding  acid  througli  the  funnel-tube  of  the  flask,  evolve  hydrogen, 
and  when  the  whole  apparatus  is  full  of  hydrogen,  light  the  gas  at  the 
tip  of  the  hard  glass  tuhe.  By  means  of  an  efficient  gas-lamp,  heat 
about  2  cm.  of  this  tube  to  dull  redness  at  the  point  o;  jost  beyond 
the  hot  part  of  the  tube,  place  a  small  sheet-iron  screen,  as  shown  in  the 
figure,  to  cut  oif  the  heat  from  the  adjoining  narrow  part  of  the  tube. 
Maintdn  flie  apparatus  in  this  condition  t  te  m  t  th  glass 
tuhe  red-hot  at  one  point  and  the  hydroge  fl  w  g  t  d  1  th  h 
the  tube  and  burning  with  a  colorless  flam  t  th  p  t  If  d 
posit,  or  only  a  scarcely  perceptible  depos  t     pp  th    £      tube 

adjoining  the  heated  portion,  the  zinc  a   1      Iph  d    re  p 

enough  for  the  experiment,  but  if  a  black    h       g  1  P     t    pp 
the  tine  tube,  the  materials  themselves  i^  d  f 

course,  unsuitable  for  use  in  testing  for  th         h  t 

If  the  zinc  and  sulphuric  acid  prove  t    b        ffi        tl     fr      ft 
arsenic,  add  to  the  contents  of  the  flask  afwdrp      fthlqdb 
tained  by  dialysis  (Exp.  130).      Inammt       m  fr> 

will  be  deposited  in  the  fine  tube  adjoinin    a    wh      tl  rr      h 

become  large  and  dense,  move  the  lamp  t    6  tta    f     th  d 

obtain  a  similar  mirror  in  the  second  atten     tjpt  fthtb 

finally,  extinguish  the  lamp  and  allow  tli  ni  retted  hi       n  t 

reach  the  burning  jet  of  gas  at  the.  extre  p  nt  f  th  pp  t 
the  white  coloration  of  the  flame  vrill  now  f  th  lirst  t  m  h 
introduce  into  the  jet  a  bit  of  cold  porcelam,  and  obtain  the  character- 
istic black  and  lustrous  spot  of  metallic  arsenic;  this  experiment  may 
be  repeated  indefinitely  and  a  Urge  number  of  spots  obtained  for  sub- 
sequent use.  Preserve  the  two  mirrors  and  a  number  of  ar.aenic  spots 
for  future  study.  In  order  to  prevent  the  possibility  of  any  arseniu- 
retted  hydrogen  escaping  into  the  air  of  the  room,  the  jet  of  gas  must 
be  kept  constmlly  burniBg,  and  when  the  e.tperiments  are  ended  the 
flask  must  he  washed  out  promptly  and  thoroughly. 

332.  This  method  is  very  well  adapted  for  the  speedy  and 
certain  detection  of  arsenic  in  green  paints,  such  as  are  applied 
to  -wall-papers,  artificial  flowers,  lamp-shades,  and  the  like ;  for  in 
Bueh  cases,  if  any  arsenic  is  present,  there  is  so  much  as  to  make 
any  traces  of  arsenic  which  may  contaminato  the  zino  and  sul- 
phuric acid  of  no  consequence  whatever.     It  is  only  necessary,  in 
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iuch  examinations,  to  scrape  off  some  of  the  green  coloring-mat- 
ter, dissolve  it  in  dilnte  chlorliydrie  aeid,  and  add  the  solution  to 
the  hydrogen  flask  of  the  apparatus  described  above.  Arsenic 
greens  instantly  give  enormous  mirrors  and  spots  under  these 
conditions. 

333.  In  medioo-legal  investigations,  upon  whose  results  life 
often  depends,  it  must  always  be  remembered  that  arsenic  is 
very  widely  diffused  in  tiie  mineral  kingdom,  and  that  it  is  a 
matter  of  great  difficulty  to  procure  reagents  absolutely  free 
from  it.  The  substances  employed  as  reagents  in  Marsh's  test 
are  often  contaminated  with  it;  and  the  acids  used  in  destroying 
organic  matter  may  well  contain  arsenic  enough  to  become  visible 
after  the  great  concentration  of  this  impurity  which  inevitably 
occurs  in.  the  evaporation  of  the  liquid  which  results  from  the 
burning  of  the  oi^anic  matter.  The  use  of  zinc  is  avoided,  and 
other  advantages  gained,  by  obtaining  the  necessary  hydrogen 
by  the  electrolysis  of  acidulated  water.  (§  35.)  When  a  solu- 
tion of  arsenious  acid,  acidulated  with  chlorhydric  or  sulphurie 
acid,  is  decomposed  by  the  electric  current,  the  greater  part  of 
the  arsenic  eliminated  at  the  negative  pole  is  given  off  in  the 
form  of  arscniuretted  hydrogen,  which  may  be  examined  pre- 
cisely as  if  it  were  generated  in  Marsh's  apparatus.  This  method 
is  very  delicate,  and  seems  to  possess  considerable  advantages 
over  Marsh's  process,  but  it  has  not  yet  (1870)  been  actually 
applied  iu  judicial  investigations. 

334.  To  describe  the  methods  by  which  the  analytical  chemist 
purifies  his  reagents  and  proves  their  purity,  would  involve  de-  ■ 
scending  into  technical  details  which  are  unsuitable  for  this 
manual.  Zinc  and  acids,  pure  enough  for  illustrative  experi- 
ments, can  be  bought  of  the  dealers  in  pure  chemicals.  None 
but  expert  analysts  should  ever  be  intrusted  with  the  chemical  . 
investigation  in  a  supposed  ease  of  poisoning  by  arsenic.  A 
difficulty  attending  such  examinations  remains  to  be  discussed 
under  the  metal  antimony,  a  substance  which  combines  with 
hydrogen,  as  arsenic  does,  to  form  a  gas  which  is  decomposed  by 
heat,  as  arseniuretted  hydrogen  is,  with  deposition  of  a  metallic 
mirror  which  cannot  be  distinguished  by  mere  inspection  from 
that  of  arsenic.     Since  preparations  of  antimony  are  much  em- 
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jiloyed  as  medicines,  and  particularly  since  tartar-emetic,  a  salt 
containing  antimony,  is  often  administered  in  eases  of  poisoning, 
it  is  essential  to  find  means  of  distinguishing  between  compounds 
of  aisenic  and  the  analogous  compounds  of  antimony. 

335.  Chloride  of  Arsenic. — Only  one  chloride  of  arsenic  is 
known,  the  terchloride  (AsClj),  correaponfflng  to  the  terchloride 
of  phosphorus.  No  qmnquichloride  corresponding  to  the  quin- 
quichloride  of  phosphorus  is  known.  The  chloride  of  arsenic  ia 
formed  by  passing  dry  chlorine  gas  over  finely  divided  metallic 
arsenic  placed  in  a  retort.  The  combination  is  usually  attended 
with  combustion ;  and  the  heat  developed  is  sufficient  to  distil  the 
chloride  over  into  the  receiver.  It  may  also  be  made  by  dis- 
tilling a  mixture  of  metalLio  arsenic  and  the  mercury  compound 
called  corrosive  sublimate,  in  accordance  with,  the  following  equa- 
tion, in  wtiieh  Hg  stands  for  meruury  (Hydrargyrum): — 

6HgCl^    +     2As    =    3Hg,Cl,     -|-     2AsCl,. 

Oorroaive  Svhli'mate.  Calomel. 

Terchloride  of  arsenic  may  also  be  procured  by  distilling  arsenious 
acid  with  common  salt  and  sulphurie  flcid.  Small  lumps  of  fused 
salt  should  bo  added  from  time  to  time  to  a  mixture  of  arsenious 
acid  with  a  large  excess  of  sulphuric  acid; — 

A8,0,  -I-  eiTaCi  +  6H^S0,  =  3H,0  -|-  2ASCI3  +  6NaH80^. 

336.  Terchloride  of  arsenic  is  a  dense,  colorless,  oily  liquid, 
whose  specific  gravity  is  2'205.  It  boils  at  132°,  producing  a 
vapor  whose  density  is  90-91.  It  evaporates  freely  at  the  ordi- 
nary temperature,  producing  fumes  of  arsenious  acid.  It  is 
highlj'  poisonous.  The  chloride  is  decomposed  by  an  excess  of 
water  into  chlorhydric  acid  and  arsenious  acid,  just  as  the  chlo- 
ride of  phosphorus  is  resolved  by  water  into  chlorhydric  and 
phosphorons  acids;  this  reaction  is  the  basis  of  the  best  deter- 
mination of  the  atomic  weight  of  arsenic. 

2AsCl,  +  3H,0  =  6HC1  h-  As^O,. 
All  the  chlorine  in  a  known  weight  of  chloride  of  arsenic  is  con- 
verted by  this  reaction  into  chlorhydric  acid  ;  the  weight  of  the 
chlorine  contained  in  this  chlorhydric  acid  can  bo  accurately  de- 
termined, and  the  weight  of  the  arsenic  with  which  this  quantity 
of  chlorine  was  originally  combined  is  obtained  by  simple  sub- 
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tractjoii.  The  proportions  by  weight  in  which  arsenic  and  chlo- 
rine combine  are  thus  determined.  In  terchloride  of  arsenio, 
as  in  terchloride  of  phosphorus,  three  volumes  of  chlorine  unite 
with  only  half  a  volume  of  arsenio  vapor  to  produce  two  vo- 
lumes of  the  terchloride  vapor.  Indeed  ail  the  volatile  compounds 
of  arsenio  illustrate  the  fact,  already  mentioned  (§§  305,  309), 
that  the  unit-volume  -weight,  or  specific  gravity,  of  arsenic  vapor 
ia  the  double  of  its  atomic  weight, 

337.  Bromide  and  Iodide  of  Aisenie.  It  is  enough  to  say  of 
these  two  compounds  that  they  are  crystallizahle  solids,  obtain- 
able by  the  direct  action  of  the  elements  upon  each  other,  and 
answering  to  the  formuhe  AsBr^  and  Aslj  respectively. 

338.  Sulphides  of  Arsenic. — There-  are  three  weU-defined 
sulphides  of  arsenic,  corresponding  to  the  formulte  As,Sj,  As^S,, 
aad  ASjSj,  The  fin^t  two  occur  as  natural  minerals,  realgar  and 
orpintent,  and  may  also  be  obtained  in  the  free  state  by  artificial 
processes  ;  the  third  is  known  only  in  combination. 

339.  BisulpJUde  of  Arsente  (As^8^). — The  native  mineral  re- 
algar has  this  composition.  The  compound  is  obtained  artifi- 
cially by  melting  arsenic  with  sulphur,  or  arsenic  with  orpiment 
(see  the  next  section),  or  sulphur  with  arsenious  acid,  in  such 
proportions  in  either  case  as  will  bring  together  those  parts  by 
weight  of  the  two  elements  which  the  above  formula  requires. 
The  commercial  product  is  a  brownish-T^d  opaque  substance  of 
variable  composition,  generally  containing  free  arsenious  acid. 
Eealgar  is  one  of  the  ingredients  of  white  Indian  fire,  a  mixture 
of  24  parts  of  nitre,  7  of  sulphur,  and  2  of  realgar,  sometimes 
used  as  a  signal  light. 

340.  Tm-svIflixdeQf  Arsmic{k^^^. — This  sulphide  occurs  na- 
tive in  translucent  rhombic  prisms  of  a  yellow  color.  It  ia 
obtained  artificially  by  passing  sulphydric  acid  gas  through  a 
solution  of  ai-senious  acid,  or  an  arsenite  acidulated  with  chlor- 
hydric  acid ;  the  sulphide  falls  as  a  bright  yellow  amorphous 
powder,  insoluble  in  water  and  dilute  acids.  It  melts  easily,  and 
bums  in  the  air  with  a  pale  blue  flame;  in  dosed  vessels  it  may 
be  sublimed  without  change. 

Under  the  name  of  orpimeni,  this  sulphide  is  used  as  an  orange 
pigment;  a  mixture  of  the  sulphide  with  arsenious  acid,  called 
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king's  yellow,  was  formerly  employed  as  a  yellow  pigment. 
This  impure  tersiilphide  was  made  by  subliming  7  parts  of 
arsenioua  acid  with  1  part  of  sulphur,  a  proportion  of  sulpliHr 
not  sufficient  to  convert  all  the  acid  intfl  teraulphide.  If  a  pat- 
tern be  printed  upoa  cotton  cloth  with  a  preparation  containing 
arsenioua  acid,  and  the  cloth  he  then  passed  through  water  con- 
taining sulphydric  acid,  orpiment  will  he  deposited  in  the  fibre 
of  the  cloth  and  the  pattern  will  be  brought  out  in  orange- j olio w. 
We  fiavo  already  seen  (Exp.  132)  that  the  tersulphide  of  arsenic 
yields  a  mirror  of  metallic  arsenic  when  heated  in  a  closed  tube 
with  a  mixture  of  carbonate  of  sodium  and  cyanide  of  potassium. 
The  sulphide  is  readily  dissolved  by  a  cold  solution  of  potash, 
soda,  or  ammonia,  the  osygen  of  the  alkali  converting  part  of 
the  arsenic  in  the  sulphide  into  arsenious  acid,  while  the  alkali- 
metal  combines  with  the  sulphnr  liberated ;  this  alkaline  sulphide 
then  unites  with  the  undeccmposed  portion  of  sulphide  of  arsenic 
to  form  a  sulphur-salt,  whose  composition  is  that  of  an  arsenite 
in  which  the  oxygen  has  been  replaced  by  sulphur. 

4As^S,  -I-  5K^0  =  3(K^S,As^S5)   +  2KjO,As^03. 
If  an  acid  be  added  to  this  solution,  no  sulphuretted  hydrogen  is 
evolved,  as  is  generally  the  case  when  an  acid  is  brought  in  con- 
tact with  an  alkaline  sulphide,  but  the  sulphur  and  arsenic  re- 
comhine  and  are  separated  as  tersulphide  of  arsenic. 
3(K,S,Aa,8,)  -I-  2K,0,A3,O3  +  lOHCl  =  lOKCl  -|-  5H^0  +  iAs^S,. 
341.  SiJpharsenites. — The  tersulphide  of  arsenic  unites  with 
basic  metallic  sulphides  in  three  different  proportions,  forming 
with  potassium,  for  example,  the  three  salts  3KjS,ASjSj,  2K^S, 
ASjS,,  and  K^S^As^S,.     One  mode  of  preparing  a  snlpharsenite 
has  been  mentioned  in  the  last  section ;  another  method  is  to  dis- 
solve arsemous  acid  in  an  alkaline  sulphjdrate,  in  which  case 
one-half  of  the  alkali  is  converted  into  arsenite : — 
Dualistio:  2As,03  +  4KHS  =  K^S,ASj8,  +  K^O,As,0,  +  2fl:^0. 
Empirical:  As^O,  -|-  2KHS  =  KAsS,,  -}-  KAsO^  +  H^. 
The  sulpharsenites  of  the  other  metab  are  mostly  obtained  from 
the  sulpharsenites  of  sodium  and  potassium  by  the  method  of 
double  decomposition.     The  sulpharsenites  are  either  yellow  or 
red;  they  are  obscure  boilita,  of  no  practical  importance  at  pre- 
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sent.  They  illustrate,  however,  two  points  of  theorehcil  in- 
terest— namely  the  existence  of  sulphur  salts  whidi  bc^r  to 
sulphides  the  same  relation  which  oxygen  salts  heai  to  osides, 
and  the  par  Jlebsm  of  composition  between  these  two  classes  of 
salts  "^  e  place  beside  each  other  the  empmeil  foimul*  of  the 
su]phur  sdte  of  potassium  and  aiscme,  and  the  conespondmg 
oxygen  salts  — 

Sul2  S  ir  salts  Oxi/gen- salts. 

E,AsS,  K,AsO, 

K^As,S,  KiAs^O, 

KAsS,  KAsOj 

342.  Quinquimlphide  of  Arsenic  (As^^). — A  sulphide  of  arsenic 
corresponding  to  anhydrous  arsenic  acid  is  not  known  in  the  free 
state.  The  quinquisulphide  is  known  only  in  combination  with 
sulphides  of  the  metals  in  sulphur-salts  called  sul}>harseniates. 
"When  a  solution  of  sulphide  of  sodium  is  digested  with  some  ter- 
enlphide  of  arsenic  and  sulphur  enough  to  permit  the  formation  of 
the  quinquisulphide,  and  the  solution,  after  long  standing,  is  con- 
centrated by  evaporation  and  then  cooled,  lai^e  colorless  crystals 
of  bulpharseniate  of  sodium  are  obtained,  which  are  not  changed 
by  exposure  to  the  air.  The  crystals  have  the  composition  in- 
dicated by  the  fonnula  SSa^BMA  +  l^H^O.  The  sulphar- 
seniate,  2'Sa^B,A.s^%  may  be  prepared  by  saturatijig  the  aqueous 
solution  of  the  corresponding  osygen-saJt  2NajO,As,0j  with  eul- 
phjdne  acid  gas.  The  suipharseniates  of  the  alkali-metals,  and 
a  few  others,  are  soluble  in  water ;  but  the  greater  number  of  sul- 
pharseniates  are  insoluble.  These  insoluble  salts  are  prepared  by 
mixing  a  solution  of  an  alkaline  sulpharseniato  with  a  solution  of 
some  salt  of  the  metal  whose  sulphaiseniate  ia  desired.  The  same 
parallelism  is  obscn^able  between  sulpbarseniates  and  arseniatee 
as  between  sulpharsenltea  and  arsenites. 
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343.  Antimony  is  f    nd       t        b  th    I        and    U      d  w  tb 
otlier  metals,  especially  w  tl  m     n   k  1        d    il  Th 
exist  also  a  con^ideiabl        iiih        f  m         1     wh.   h  t     f 
or  contain,  large  prop    t          f  tli       mp       da    f    nt  m    y  w  tli 
oxygen  and  aulpimr 

344.  All  fhL.  aiibm  y  f  mm  btai  d  f  m  tb 
mineral  tersulpbide,  b  "^  Th  ymb  If  t  m  y  Sb 
from  tbe  Latm  name  f  tb  >  ta  S  '  Tb  Iph  d 
is  very  fusible,  melting  dily  intbflmf  11  tmy 
therefore  be  separated  f  m  tb  thy  ky  g  n  wb  b 
it  occurs  by  simple  fusion  at  a  low  temperature.  Tbe  metal  la 
obtained  from  the  siilpbide  by  several  different  prooessea  : — 1.  By 
adding  to  tho  melted  sulphide  iron  naila,  filings,  or  scraps  ;  the 
iron  and  the  antimony  change  places. 

Sb^S,  +  3^6  =  3FeS  +  2Sb. 
2.  By  roasting  the  sulphide  of  antimony,  reduced  to  a  coarse 
powder,  until  the  greater  part  of  the  sulphur  has  been  burnt  off 
and  the  antimony  converted  into  the  oxide  ;  this  residue  is  then 
mixed  into  a  paste  with  water,  charcoal  powder,  and  carbonate 
of  sodium,  or  some  equivaleat  reducing  flux,  and  heated  in  co- 
vered crucibles  to  full  redness  ;  the  metal  sinks  to  the  bottom  of 
the  cmcible.  3.  By  fusing  together  a  mixture  of  sulphide  of 
antimony,  the  scales  which  fall  from  hot  iron  when  it  is  ham- 
mered (aji  oxide  of  iron),  carbonate  of  sodium,  and  charcoal ; 
this  process  is  a  sort  of  combination  in  a  single  operation  of  the 
two  preceding  methods.  Since  the  sulphides  and  oxides  of  anti- 
mony and  the  metal  itself  are  somewhat  volatile  at  moderate 
temperatures,  it  has  thus  far  been  found  impossible  te  avoid  a 
considerable  loss  of  metal  during  the  melting,  roasting,  and  re- 
ducing of  the  ore.  From  one-fifth  to  one-half  of  the  metal  is 
lost,  according  to  the  skill  and  cai-e  of  the  workmen. 

345.  The  commonest  impurities  in  commercial  antimony  are 
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Bulphur,  sodium,  orseaie,  lead,  iron,  and  copper.  These  impnii- 
ties  injure  the  antimony  for  many  of  its  applications  in  tlie  arts; 
and  the  exteiisiye  use  of  antimonial  preparationa  in  medicine 
renders  the  removal  of  the  arsenic  a  point  of  particular  impor- 
tance. The  purification  may  be  effected  by  fusing  the  powdered 
metal,  first,  with  a  mixture  of  sulphide  of  antimony  and  carbo- 
nate of  sodium,  and,  secondly,  with  a  misture  of  carbonate  oi 
sodiiun  and  uitre.  These  fusions  may  be  several  times  repeated ; 
the  ibipurities  are  either  oxidized  or  converted  into  suli)liide8, 
and  ent«r  the  slag.  Lead,  however,  cannot  be  got  rid  of  by 
these  processes;  this  impurity  is  removed  by  fusing  the  anti- 
mony with  oxide  of  antimony;  the  lead  changes  places  with  tie 
antimony  in  the  oxide  of  antimony,  and  is  converted  into  litharge. 

346.  Antimony  is  a  brittle  metal,  having  a  bluish-white  color, 
a  briEiant  lustre,  and  a  highly  crystalline  straeture.  The  cakes 
of  the  commercial  metal  usually  present  upon  their  upper  sur- 
feces  beautiful  stellate  or  fem-Iite  markings,  lake  phosphorus 
and  arsenic,  it  is  dimorphous,  crystallizing  both  in  rhombohedrons 
and  octahedrons.  The  specific  gravity  of  the  metal  is  from  6'60 
to  6-85 ;  ifa  atomic  weight  is  122.  For  a  metal,  it  is  a  poor  con- 
ductor of  heat  and  electricity.  At  450°  it  melts,  gives  off  vapors 
at  a  low  red  heat,  and  takes  fire  at  full  redness,  burning  brilliantly, 
■with  evolution  of  white  fumes  of  the  teroxide  (SbjOg).  If  the 
antimony  is  contaminated  with  arsenic,  as  is  often  the  case,  a 
garlic  odor,  dne  to  the  presence  of  this  impurity,  may  be  im- 
parted to  the  vapors. 

Et:p.  134.— Melt  about  0-5  grm.  of  antimony  by  heating  it  on  a 
piece  of  eharcoal  before  the  blowpipe.  (See  Chapter  XX.)  Throw 
the  white,  glowing  globule  into  the  middlo  of  a  lai^e  tray  made  ot 
coarse  paper ;  the  globule  bursts  into  a  multitude  of  small  beads,  which 
fly  over  the  paper,  leaving-  in  their  trail  a  white,  powdery  oxide, 

Exp.  135. — Melt  a  second  small  fragment  of  antimony  upon  char- 
coal as  before,  but,  instead  of  throwing  it  from  the  coal,  allow  it  to  cool 
there  slowly.  The  globule  will,  in  this  case,  become  covered  with  an 
efflorescence  of  crystals  of  tbe  oxide. 

The  metal  is  not  oxidized  by  exposure  to  dry  or  moist  air  at 
ordinary  temperatures.  Nitric  acid  oxidizes  it  easily,  but  does 
not  dissolve  it ;  the  insoluble  quinquioxide,  or  some  mixed 
oxide,  is  formed,  according  to  the  strength  of  the  acid  employed. 
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Powdered  antimony  iake&  fire  when  thrown  into  chlorine  gfjs, 
and  combines  very  energetically  with  bromine  and  iodiiio. 
When  finely  powdered,  it  is  dissolved  hy  boiling  chlorhj-dric  acid, 
with  oTOlution  of  hydrogen ;  if  a  little  nitric  acid  be  added  to  the 
ehlorhydrio,  the  metal  dissolves  easily,  to  form  a  solution  ot 
terchloride  of  antimony  (SbCl^).  The  metal,  when  in  fine  pow- 
der, is  also  dissolved  readily  by  solutions  of  the  higher  sulphides 
of  sodium  and  potassium,  -with  formation  of  sulphantimonites  and 
Bulphantimoniates . 

347.  In  spite  of  the  strong  tendency  of  this  metal  to  crystal- 
lize, it  can  be  obtained  in  an  amorphous  form  by  the  electrolysis 
of  concentrated  antimonial  solutions.  This  amorphous  antimony 
always  contains,  however,  5  or  6  per  cent,  of  terchloride  of  an- 
timony and  a  trace  of  chlorhydric  acid;  whether  these  foreign 
substances  are  retained  mechanically,  or  not,  within  the  mass,  is 
not  clear.  The  amorphous  metal  has  a  dark  steel-color,  a  smooth 
surface,  a  comparatively  soft  texture,  a  lustrous  amorphous  frac- 
ture and  a  specific  gravity  varying  from  5-74  to  5-83.  When 
gently  heated  or  sharply  sti-uck,  the  amorphous  antimony  sud- 
denly manifests  a  great  heat,  the  temperature  rising  from  15°  to 
230"  and  upwards,  and  fumes  of  terchloride  of  antimony  are 
evolved.  After  undergoing  this  peculiar  change,  the  metal  ap- 
proximates to  the  crj'staUine  variety  in  structure,  density,  and 

348.  Antimony  enters  into  the  composition  of  several  very 
valuable  alloys.  Type-metal  is  an  alloy  of  lead  and  antimony, 
containing  about  20  per  cent,  of  antimony.  For  stereotype 
plates  ^  to  gJ^j  of  tin  is  usually  added  to  this  alloy.  The  com- 
mon white  metallic  alloys  used  for  cheap  teapots,  spoons,  forks, 
and  like  utensils,  are  variously  compounded  of  brass,  tin,  lead, 
bismuth,  and  antimony;  for  example,  a  superior  kind  of  pewter 
is  made  of  12  parts  tin,  1  part  antimony,  and  a  small  proportion 
of  copper;  Britanma  metal  is  sometimes  compounded  of  equal 
parts  of  brass,  antimony,  tin,  bismuth,  and  lead.  The  value  of 
antimony  in  these  alloys  depends  upon  the  hardness  which  it 
communicates  to  the  compounds,  without  rendering  them  incon- 
veniently brittle. 

With  zinc,  antimony  forma  two  alloys  having  a  definite*  erya- 
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talluie  charncter.  The  alloy  containing  43  per  cent,  of  zinc 
crystallizes  in  silver- white  needle-like  prisma;  it  answers  to  the 
formula  Sb^Zn^.  The  alloy  containing  33  per  cent,  of  zinc 
crystallizes  in  broad  plates  presenting  no  similarity  to  tlie  form 
of  the  other  alloy ;  it  ansivoi-s  to  the  fonmila  SbZn.  These 
alloys,  especially  Sh^Zn^,  decompose  boiling  water  with  evolu- 
tion of  hydrogen.  The  crystals  of  these  two  alloys  are  obtained 
by  tbe  method  of  fusion  (§  194).  In  each  of  tbese  crystallized 
alloys,  the  crystalline  form  may  be  preserved,  although  the  pro- 
portions of  the  ingredients  may  vary  conaidetahly  from  the  exact 
atomic  proportions  indicated  by  their  formulte.  Thns  needles  may 
be,obtained  in  which  the  actual  proportion  of  antimony  present 
varies  from  35'77  per  cent,  to  57-24  per  cent.,  the  exact  atomic 
proportion  being  55-7  per  cent. ;  and  the  percentage  of  antimony 
in  the  plates  may  fall  as  low  as  64-57,  or  may  rise  as  high  as 
79-42,  although  65-07  per  cent,  is  the  true  atomic  proportion. 
These  interesting  crystalline  alloys  strikingly  illustrate,  therefore, 
a  principle  of  wide  applicability,  namely,  that  a  definite  crystal- 
line form  is  not  necessarily  a  guaranty  of  an  unvarying  chemical 
coin  position. 

349.  AnUmony  and  Eydrogen. — The  compo.'sition  of  the  ga- 
seous compound  of  these  two  elements  is  not  certainly  known, 
inasmuch  as  it  has  never  yet  been  prepared  free  from  admixed 
hydrogen.  When  a  solution  of  any  salt  of  antimony  is  poured 
into  a  mixture  of  zinc  and  dilute  acid  which  is  disengaging  hy- 
drogen, the  ajitimony  compound  is  decomposed;  one  portion  of 
the  antimony,  and  sometimes  even  the  whole  of  it,  is  deposited 
upon  the  zinc,  while  another  portion  usually  combines  with  tbe 
hydrogen,  and  assumes  the  gaseous  state.  "When  this  compound 
gas  is  passed  througli  a  solution  of  nitrate  of  silver,  a  precipitate 
is  produced  which  has  been  found  to  consist  of  antimonide  of 
silver,  ShAgg.  Since  silver  is  a  metal  which  replaces  hydrogen, 
atom  for  atom,  it  is  a  natural  inference  that  the  gas  which  haa 
produced  this  precipitate  must  have  the  composition  represented 
by  the  formula  SbH^.  This  supposition  derives  strength  from 
the  analogous  formulae  of  the  wcD-known  gases  ammonia,  NH^, 
phosphuretted  hydrogen,  PH^,  and  arseniuretted  hyrogen,  AsH, 

Antimoniuretted  hydrogen  is  a  colorless  gas,  inodorous  wli«u 
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free  from  arsemuTetted  hydrogen,  and  insoluble  in  water  and 
alialine  liquids.  The  gas  i'^  decomposed  at  a  red  he^t  into  anti- 
mony and  hydrogen  it  hume  m  the  air  with  a  whitish  flame 
and  gives  off  a  white  iraoie  of  teroside  of  antimony  when  a 
bit  of  cold  porcelain  is  held  agimst  a  buinmgjLt  of  the  gas,  a 
sooty  spot  of  metallic  antimony  i*)  deposited  on  the  porceliin 
These  reactions  resemhle  those  of  <irBi,niuietted  hydrogen  {§  30$) 
Sxp.lS6.- — Dissolve  0  5  gnn  of  tartar-emetic  (tartrate  of  aatmifny 
and  potassium)  in  about  ^0  c  c  of  water  Add  a  fpw  centimetres  of 
fh.e  solution  thus  obtained  to  the  bottle  of  the  ipparitus  reprf=pnt»d 
in  Figure  48,  in  which  hydrogen  is  already  being  generated  fiom  zinc 


and  dilute  sulphuric  acid.  Antimoniuretted  hydrogen  wiU  be  produced, 
and  should  be  submitted  to  precisely  the  same  series  of  operations  by 
which  arseniuretted  hydrogen  was  examined.  (Exp.  133.)  By  heat- 
ing the  hard  glass  tube  at  a  and  6  successively,  two  mirtoxs  of  antimony 
will  he  obtained ;  when  the  gas  reaches  the  jet  without  decomposition, 
the  white  color  of  the  flame  wiU  be  obserrable ;  when  a  cold  piece  of 
porcelain  is  pressed  against  the  burning  jet,  spots  of  antimony  will  be 
deposited  thereon.     Preserve  these  mirrors  and  spots. 

Exp.  137.^Compar6  tf^ether  the  spots  obtained  on  porcelain  from 
arseniuretted  hydrogen  (Exp.  133)  and  from  antimoniuretted  hydrogen 
(Exp.  136).  1.  The  arsenical  spot  has  a  metallic  lustre,  and  a  brown 
color,  when  thin ;  the  stain  of  antimony  has  a  feeble  lustre,  and  ia 
smoky-Mack,  2.  The  arsenical  stain  disappears  readily  on  the  appli- 
cation of  a  heat  below  redness;  the  stain  of  antimony  is  volatile  only 
at  a  red  heat.  On  account  of  the  comparative  want  of  volatility  which 
characterizes  the  antimony  deposit,  the  mirrors  of  antimony  obtained 
in  the  glass  tube  (Exp.  186)  are  always  deposited  nearer  the  heated 
portion  of  the  tube  than  the  arsenic  mirrors  are.  3.  The  arsenical 
stains  may  be  distinguished,  moreover,  from  the  antimonial  stains  by 
meflns  of  a  solution  of  "  chloride  of  soda  "  (a  mixture  of  hypochlorite 
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of  sodium  with  cMoiide  of  sodium,  prepared  liy  mixing  a  solution  of 
cliloride  of  lime  with  earbonate  of  sodium  in  excess,  and  filtering) ; 
this  solution,  wliich  is  analogous  to,  and  indeed  may  be  replaced  by, 
ft  solution  of  chloride  of  lime  (5  120),  immediately  dissolves  arsenical 
spots,  but  leaves  antimonial  spots  unaffected  for  a  long  time.  For  the 
application  of  this  test  it  is  convenient  to  produce  some  spots  on  the 
interior  of  a  concave  bit  of  porcel^n.  4.  On  warming  an  arsenic 
spot  with  a  di-op  or  two  of  aqua  regia,  and  evaporating  to  dryness,  a 
I  gl  t  d  le  of  arsenic  acid  is  left,  reeognbable  by  its  ready  solubility 
d  p  f  water ;  if  to  this  tlrop  of  arsenic  acid  solution  a  drop  of 
a    m  itrate  of  silver  be  added,  a  brick-red  turbidity,  due  to  the 

f  m  t  of  arseniate  of  silver,  will  be  produced.  This  ammonio- 
n  t  te  f  Wer  is  prepared  by  adding  exactly  ammonia  enough  to  a 
1  ti  f  nitrate  of  silver  to  redissolve  the  precipitate  which  forms  at 
fi  t  Tl  antimony  spot  treated  in  the  same  way  yields  no  such  red 
p  p  tat  5.  An  antimony  stain  will  dissolve  readily  in  a  few  drops 
f  I  t  on  of  suiphydrateof  ammonium  which  has  become  yellow 
bj  k  p  g!  -when  such  a  solution  is  evaporated  to  dryness,  a  bright 
orange  ataiu  remains.  The  arsenioal  stain,  on  tke  contrary,  is  not  per- 
ceptibly affected  by  the  yellow  sulphydrate  of  ammonium  solution, 
unless  heat  is  applied. 

Exp.  138.— Connect  the  tube  of  hard  glass  in  which  two  arsenic 
mirrors  were  formed,  in  Exp.  1S3,  with  a  sulphuretted-hydrogen-ge- 
nerator  (Appendix,  5  19),  interposing  between  the  tuhe  and  the  gene- 
rator a  suitable  drying-tubs  or  bottle  filled  with  chloride  of  calcium ; 
then  transmit  through  the  tube  a  nery  sfoto  stream  of  sulphydrie  acid 
gas,  and  heat  the  mirrors  with  a  small  gas-flame,  proceeding  from  the 
outer  to  the  inner  border  of  the  mirrors,  in  the  direction  opposite  fo  that 
of  the  gas  current. 

Eepoat  the  same  process  with  the  tube  containing  the  antimony 
miiTors  obtained  in  Exp.  136. 

Yellow  tersulphido  of  arsenic  is  foimed  in  one  case,  and  m>ange-red 
or  black  tersulpliide  of  antimony  in  the  other.  When  both  metals  are 
present  in  one  mirror,  the  two  sulphides  appear  side  by  side,  the  sul- 
phide of  arsenic  as  the  more  volatile  lying  invariably  beyond  the 
sulphide  of  antimony, 

ijrp.  139. — Transmit  through  the  tube  which  contains  the  sulphide 
of  arsenic  a  stream  of  dry  chlorhydric  acid  gas  {§  96),  without  apply- 
ing heat ;  no  alteration  will  take  place  in  the  yellow  sulphide. 

Transmit  the  ^me  gas  through  the  tube  containing  the  sulphide  of 
imtiraony;  the  sulphide  of  antimony  wiE  immediately  disappear.  If 
the  gaseous  current  be  then  passed  through  some  water,  the  presence 
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of  antimony  in  the  water  can  be  demonstrated  by  means  of  sulphydric 
acid  (f  210). 

When  botli  sulphides  are  present  at  once,  the  chlorhidvie  acid  at- 
tacks and  removes  the  sulphide  of  antinony,  while  the  sulphide  of 
areenic  remains  behind.  A  drop  or  two  of  ammonia-water,  drawn  into 
the  tube,  will  then  dissolve  the  sulphide  of  arsenic.  This  solubility  in 
ammonia  diafinguishes  the  yellow  sulphide  ftom  sulphur  itself,  with 
which  it  mig-ht  otbermse  bo  sometimes  confounded. 

Antimomj  and  Oxygen. — Antimony  forms  two  well-marked 
oxides,  analogous  to  the  oxides  of  arsenic,  the  teroxide  or  anti- 
monious  acid,  Sb^Og,  and  the  quinquioxide  or  antimonie  acid, 
Sb^O^;  a  compound  of  these  two  oxides  Sb^O^,  Sbp,  =  aSb.O  , 
is  sometimes  recognized  as  a  distinct  oxide  under  the  name  of  the 
quadroxide. 

350.  Teroxide  of  Antimony. — This  oside  occurs  as  a  natural 
mineral,  called  White  Antimony  or  Antimony  Bloom.  Like 
arsenions  acid,  it  is  dimorphous,  crystallizing  in  rhombic  prisms 
belonging  to  the  trimetric  system,  and  also  in  regular  octahedrons. 
The  artificial,  as  well  as  the  native,  t«roside  is  dimorphous. 
Antimonious  oxide  is  produced  when  antimony  is  burnt  in  the 
air,  or  heated  to  full  redness  in  imperfectly  covered  crucibles. 
The  ea'iiest  mode  of  getting  it  is  to  heat  the  tersulphide  (Sb^S,) 
with  strong  chlorhydric  acid  as  long  as  sulphydric  acid  coiitinues 
to  escape,  and  pour  the  resulting  solution  of  the  terchloride 
(SbCIj)  into  a  boihng  solution  of  carbonate  of  sodium : — 
2SbCl3  -t-  3Na,C0^  =  Sb^O^  -|-  6NaCl  -1-  SCO,, 
[f  the  solution  of  carbonate  of  sodium  be  cold  or  only  warm 
instead  of  boiling,  a  hydrate  of  the  teroxide  is  precipitated- 
Sb,0,.H^O  =  2SbH0  . 

Antimonious  oiide  i'^  white  or  grayish-white  at  ordinai-j-  tem- 
peratures but  turns  yelljw  when  heated.  It  melts  below  a  red 
heat,  and  sublimei  when  riised  to  a  higher  temperature  in  a 
ciced  vesi,el  "When  heated  in  the  air  it  is  partly  converted  into 
antimonic  acid  It  is  reidily  reduced  to  the  metallic  state  by 
igmtion  with  hydrogen,  rhirooal,  or  potassium.  Teroside  of 
antimony  dissolves  spinngly  m  water,  but  freely  in  strong  chlor- 
hydric acii  it  also  dissohes  in  a  hot  solution  of  tartaric  acid,  or 
of  acid  tartrate  of  potassmm  (cream  of  tartar).     The  solution 
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obtained  in  tho  latter  case  contains  the  tartrate  of  antimonj-  aad 
potassium  (C^H.KSbO,),  commonly  called  tartar-emetic.  Ordi- 
nary nitric  acid  does  not  dissolye  the  teroxide ;  but  fuming  nitric 
acid  and  fuming  sulphuric  acid  both  dissohe  it,  forming  soliitiona 
which  ultimately  deposit  shining  scales  of  a  nitrate  in  the  one  case 
and  a  Bolphatein  the  other. 

It  is  obvious,  from  these  facts,  that  this  oxide  of  antimony  dif- 
fers from  all  the  oxides  which  we  have  heretofore  studied,  in  that 
it  is  capable  of  reacting  upon  strong  aoida  in  such  wise  as  to  form 
salts  wherein  the  antimony  plays  very  much  the  same  part  which 
lead  plays  in  nitrate  of  lead  PbN^O,  (Exp.  42),  or  calcium  in 
CaSO,  (p.  88).  This  truth  is  expressed  in  technical  language 
when  we  say  that  tho  teroxide  of  antimony  is  capable  of  acting 
as  a  hose ;  the  oxides  heretofore  studied  have  either  been  acids, 
like  the  oxygen  acids  of  the  chlorine  and  sulphur  groups,  of 
nitrogen,  phosphorus,  and  arsenic,  or  they  have  boon  indifferent 
bodies  not  inclined  to  form  definite,  stable  compounds  by  union 
with  other  sulstauces. 

But  if,  on  the  one  hand,  teroxide  of  antimony  is  thus  some- 
times a  base,  on  the  other  it  also  acts  as  a  feeble  acid.  The  arti- 
ficial teroxide  dissolves  readily  in  solutions  of  caustic  potash  and 
soda,  forming  very  unstable  antimonites,  which  are  decomposed 
by  boiling,  or  mere  evaporation.  These  antimonites  are  analo- 
gous to  the  arsenites ;  but  it  is  to  be  observed  that  aiseniona  acid 
is  not  only  a  stronger  acid  than  antimonious,  but  that,  unlike 
antimonious  oxide,  it  never  plays  the  part  of  a  base. 

351.  Aniimoniate  of  Antimony  or  Quadroxide  of  Antimony 
(SbjO,), — This  oxide  occurs  as  a  native  mineral.  It  maybe 
prepared  artificially  by  heating  strongly  the  quinquioxide  (Sb^,), 
or  by  roasting  the  teroxide  or  the  tersulphide,  oi  by  treating  pow- 
dered antimony  vrith  an  excess  of  nitric  acid.  As  thns  prepared, 
it  is  white,  infusible,  and  unalterable  by  heat,  sightly  soluble 
in  water,  more  soluble  in  chlorhydric  acid,  and  easily  resolvable, 
by  boiling  with  a  solution  of  cream  of  tartar,  into  antimonious 
oxide  and  autimonic  acid.  SSb^O^  =  SbjO^.SbjO,.  The  oxide 
may  therefore  be  regarded  as  a  compound  of  the  two  other 
oxides  of  antimony ;  but  it  is  sometimes  considered  a  distinct 
oxide  on  the  ground  +hat  it  yields  by  fusion  with  caustic  potash, 
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ar  cai'bonate  of  potassium,  an  amoi^hous  saline  mass  whose 
composition  answers  to  the  formula  ^,0,81)^0^.  This  salt  itself, 
however,  if  sueh  it  be,  can  be  regarded  as  a  mixture  of  an  anti- 
monite  and  an  antimoniate : — 

2(E,0,Sb,0J  =  Kp,SbjO,  +  K,0,Sb,0,. 

352.  Qumqwioidde  of  Antimoni/  or  Anfimonie  Add  (Sb^O,). — 
This  compound  ia  obtained  as  a  hydrate ; — 1.  By  treating  anti- 
mony with  nitric  acid  or  aijua  regia  containing  an  excess  of 
nitric  acid,  2.  By  decoinpo'fiiig  the  quinquichloride  of  antimony, 
SbCl,  (§  364),  with  water  :— 

iiSbCl,  +  511^0  =  Sb^O^  +  lOHCl. 
3.  By  precipitating  a  solution  of  antimoniate  of  potassium 
(£jO,SbjO,  +  5HjO)  with,  a  strong  acid.  This  antimoniate  of 
potassium  is  obtained  by  fusing  one  part  of  antimony  with  four 
parts  of  nitre,  digesting  the  fused  mass  with  tepid  water  to  re- 
move nitrate  and  nitrite  of  potassium,  and  boiling  the  residue  for 
an  hour  or  two  with  water ;  the  white  insoluble  mass  of  anhy- 
drous antimoniate  is  thereby  transformed  into  a  soluble  hydrate, 
and  the  solution,  treated  with  a  strong  acid,  yields  a  precipitate 
of  hydrated  antimonic  acid.  The  hvdrated  antimoniate  of  po- 
tassium itself  is  a  gummy,  uncrystallizable  salt. 

The  hydrated  oxide,  obtained  by  either  o£  these  methods,  gives 
off  its  water  at  a  heat  below  redness,  and  yields  anhydrous  anti- 
monic acid  as  a  yellowish,  tasteless  powder,  insoluble  in  water 
and  acids.  At  a  red  heat  it  gives  off  one-fiflh  of  its  oxygen,  and 
is  converted  into  the  quadrosidc.  A  boiliog  solution  of  caustic 
potash  dissolves  the  oxide. 

The  hydrated  oxide  obtained  by  the  first  and  third  of  the 
above  methods  is  not  identical  with  that  which  results  from  the 
second  process.  The  product  of  the  first  and  third  methods  is 
called  antimonic  acid;  the  product  of  the  second  is  called  wet- 
Mitimonic  acid,  a  term  derived  from  a  Greek  adverb  which  was 
used  in  composition  to  denote  a  change  of  place,  condition,  or 
quality.  Ajitimonic  acid  forma  normal  salts  of  the  composition 
MjO,SbjO,  and  acid  salts  containing  MjO,2SbjOj,  while  met- 
ftntimoDJc  acid  forms  normal  salts  containing  2Mj,0,Sb^0j  and 
geid  salts  answering  to    the  formula  3MjO,2Sb^O, ;    the  acid 
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metantiraoniatea  are  isomeric  (§  312)  with  tlie  normal  anti- 
moniates. 

The  metantiraoniates  of  sodium,  potassium,  and  ammonium  are 
erystalline ;  the  antiraoniates  of  the  same  bases  are  gelatinous 
and  uncrystallizable.  The  aiitimoniates  and  metantimoniates 
of  sodium,  potassium,  and  ammonium  are  the  only  ones  which 
are  readily  soluble  in  water ;  all  other  antimoniates  and  met- 
antimoniates  are  insoluble  or  sparingly  soluble.  Normal  anti- 
moniatea  correspond  with  normal  nitrates  : — 

l^p,&bp,  =  MjSb^O,  =  SMSbO^. 

Mp,Np,    =  M,H"^0,   =  25ISO,. 

Normal  metantimoniates  are  analogous  to  pyrophosphateB : — 

2M,0,Sb^0,  =  M.Sb,0,. 

2M,0,P,0,    =  M,P,0,. 

Antimony  and  Ghhrine. — Antimony  forma  two  chlorides,  a 
t«rchloride,  Sbd,,  and  a  quinquiehbride,  SbCI,,  both  of  which 
have  their  analo^es  in  the  chlorides  of  phosphorus,  already 
Btudied;  the  terchloride  is  also  comparable  with  the  chloride 
of  arsenic.  The  metal  unites  directly  with  chlorine  on  contact 
(Exp.  54),  and  the  two  chlorides  are  bodies  of  considerable  sta- 
bility. 

353.  Terchloride  of  Antimony  (SbClJ. — This  chloride  is 
formed  when  chlorine  gas  is  passed  slowly  through  a  tube  con- 
taining antimony  in  large  excess.  It  may  also  be  prepared  by 
diatilling  3  par(«  of  antimony  with  8  parts  of  corrosiTe  sublimate 
(chloride  of  mercury),  or  2  parts  of  the  tersulphide  of  antimony 
with  4-6  parts  of  corrosive  sublimate : — 

2Sb + 3HgCl,= 2Sba,  +  3Hg ;  Sb^S^  +  3HgCl, = SSbCQ,  +  3HgS. 
The  easiest  method  of  preparing  this  chloride  is  to  dissolve  the 
tersulphide  of  antimony  in  strong,  hot  cblorhydric  acid,  or  me- 
tallic antimony  in  the  same  acid,  to  which  a  little  nitric  acid  has 
been  added ;  the  resulting  liquid,  in  either  case,  after  evapora- 
tion to  an  oily  consistency,  should  be  distilled. 

At  the  ordinary  temperature,  terchloride  of  antimony  ia  a 

translucent  yellowish  substance  of  fatty  consistency,  whence  its 

popular  name,  butt«r  of  antimony.     It  melts  at  72°  and  boils  at 

about  200°,  fames  slightly  in  tiie  air,  is  deliquescent  and  highly 

t2 
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corrosive,  WKeii  thrown  into  water,  it  is  decomposed  into  chlor- 
hydrjo  acid  and  teroside  of  antimony.  wMefi,  however,  remains 
united  witli  a  portion  of  the  chbride,  forming  a  white  powder 
whioh  contains  antimony,  chlorine,  and  oxygen,  bat  is  somewhat 
variable  in  composition.  This  white  precipitate  is  rcdissolved 
by  excess  of  chlorhydric  acid,  and  the  solntion  thus  obta'.ncd  is 
the  most  convenient  that  can  he  used  for  exhibiting  the  reactions 
of  antimony.  The  addition  of  tartaric  acid  to  this  solution  pre- 
vents its  decomposition,  by  water. 

I^xp.  140.— In  a  flask  of  about  200  c.  c.  capacity,  heat  g'ently  0'5 
grm.  of  finely  powdered  antimony  with  30  c  e.  of  strong  ■chlorhydric 
acid,  to  which  10  drops  of  nitric  acid  have  been  added.  When  com- 
plete solution  has  been  effected,  pour  alittlc  of  the  chloride  into  water, 
to  demonstrate  the  decomposition  just  referred  to.  Evaporate  the  rest 
of  the  solution  to  the  consistency  of  a  thick  syrup;  it  is  the  butter  of 
antimony. 

The  anhydrous  terchloride  comhines  with  the  chlorides  of 
sodium,  potassium,  and  ammonium,  and  certain  other  chlorides, 
to  produce  crystalline  saline  compounds,  analogous  in  composi- 
tion to  those  oxygen  and  sulphur  compounds  to  which  the  term 
talt  is  commonly  applied. 

354.  Quinquichhride  of  Antimony  (SbCI,). — This  compound 
is  formed,  wim  brilliant  combustion,  when  finely  powdci-ed  anti- 
mony is  thrown  into  chlorine  gas  (Exp.  54),  It  may  also  be 
prepared  by  passing  dry  chlorine  over  warm  powdered  antimony, 
or  over  the  terchloride. 

Hxp.  141,— Fill  a  hard-glass  tube.  No,  3,  160  era,  long  with 
coarsely  powdered  antimony,  and  fit  one  end  of  the  tube  so  cliarged 
into  a  tubulature  of  a  two-necked  glass  receiver,  the  other  neck  of 
which  is  connected  with  a  source  of  dry  chlorine.  Support  the  long 
tube  at  an  angle  of  10°  or  15°  with  the  table,  so  that  ita  open  end  shall 
be  some  20  cm.  higher  than  the  end  which  enters  the  receiver. 
Keeping  the  tube  warm  throughout  its  whole  extent,  pasa  chlorine 
slowly  and  continuously  int«  the  receiver.  Combination  takes  place 
in  the  tuba  and  the  product  flows  back  into  the  receiver,  where  it  re- 
mains in  contact  with  chlorine  ;  the  long  layer  of  antimony  prevents 
the  escape  of  any  free  chlorine.  Preserve  the  product  in  a  glass- 
■toppered  bottle. 

The  quinquickbride  is  a  colorless,  or  yellowish  liquid,  which 
ifi  very  volatile  and  emits  suffocating  fumes.     Water  in  small 
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proportion  forma  with  it  white  deliquescent  crystals,  but  in  large 
quantity  water  decomposes  the  chloride  into  chlorhydric  and 
antimonic  acids. 

355.  We  are  familiar  with  nitric  acid  (N^Oj)  as  an  oxidiziug 
agent,  as  a  suhstanee  which  readily  yields  some  of  its  oxygen  to 
other  bodies  with  which  it  ia  brought  in  contact ;  : 
analogous  sense,  the  quiaquichloride  of  antimony  am: 
the  quinquichloride  of  phosphorus,  may  be  said  to  be  chloridizing 
agents  of  great  power,  for  they  readily  impart  chlorine  to  other 
substances.  These  two  chlorides  are  much  used  in  organic  che- 
mistry for  preparing  chlorine  compounds ;  thus,  for  example,  the 
compound  of  carbon  and  hydrogen  called  eihylmie  or  olejiant  gas, 
CjHj,  is  converted  by  passing  through  boiling  quinquichloride  of 
antimony  into  an  oily  bichloride,  C^Hpl^,  known  as  Dutch  liquid. 
The  quinquichloride  acts  as  a  carrier  of  free  chlorine,  being  itself 
reduced  to  the  tcrcbloride. 

Terbromide  and  Teriodide  of  Antimoni/  (SbBr,  and  SbTg). — It 
is  enough  to  mention  the  existence  of  these  compounds,  formed 
by  the  direct  union  of  the  elements. 

Antimony  and  Sulphw. — Antimony  forms  two  sulphides,  Sb^S, 
and  SbjS,,  corresponding  to  antimonious  oxide  and  antimonio 
acid,  and  possibly  an  intermediate  sulphide  corresponding  to  the 
qnadroxide. 

356.  TersuJphide  of  Antimony  (Sb^Sj).— This  compound  exists 
in  the  crj'stalhne  and  in  the  amorphous  state.  Crystallized  ter- 
Bulphide  of  antimony  is  a  natural  mineral  called  grey  antimony  or 
antimony-glance.  It  is  the  source  of  all  the  antimony  and  anti- 
mony compounds  of  commerce.  The  mineral  has  a  lead-grey 
color  and  a  metalHc  lustre ;  it  is  friable  and  very  fusible,  melting 

Q  the  flame  of  a  candle.  At  a  white  heat  it  may  be  distilled 
Q  dosed  vessels,  but  by  roasting  in  the  open  air  it  is 
converted  into  a  fusible  mixture  of  teroxide  and  tersulphide  of 
antimony.  This  otvystdjjhide,  after  it  has  heen  fused,  constitutes 
the  commercial  glass  of  antimony,  which  contains  about  8  parts 
of  the  teroxide  to  1  part  of  the  tersulphide ;  the  greater  the  pro- 
portion of  sulphide,  the  darker  the  tint  of  the  glass. 

The  native  tersulphide  is  seldom  pure,  being  generally  con- 
taminated with  lead,  copper,  iron,  and  arsenic.     To  obtain  pure 
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crystallized  tersulphide  of  antimony,  it  is  best  to  prepare  it  arti- 
ficially by  fusing  pure  metallic  antimony  witii  sulphur  in  the 
required  proportions  by  weight.  The  materials  must  be  finely 
powdered  and  intimately  mixed,  and  the  mixture  thrown  by 
small  portions  into  a  heated  crucible.  The  reactions  of  crystal- 
lized sulphide  of  antimony  are  tbe  same  as  those  of  the  amor- 
phous sulphide,  to  be  presently  described ;  but  they  take  place  leas 
quickly,  on  account  of  the  greater  cohesion  of  the  mass. 

Amorphous  tersulphide  of  antimony  can  be  procured  by  several 
processes,  from  which  we  may  select  the  two  sunplest: — 1.  The 
native  grey  tersiUphide  is  changed  into  the  amorphous  variety 
by  keeping  it  in  the  fused  state  for  a  considerable  time,  and  then 
cooling  it  very  suddenly  by  throwing  the  vessel  in  which  it  has 
been  melted  into  a  large  quantity  of  cold  water.  The  product 
is  an  amorphous  mass,  having  a  oonchoidal  fracture,  and  a  leas 
specific  gravity,  but  a  greater  hardness  than  that  of  the  crystal- 
line variety.  Its  color,  in  thin  pieces,  is  hyacinth  -red ;  in  the  state 
of  powder,  orange-brown.  2.  When  sulphydric  acid  gas  is  passed 
into  an  acidulatjjd  solution  of  an  antimony- salt  (that  of  tartar- 
emetic  for  example),  a  bright  orange-red  precipitate  of  a  hydrated 
tersulphide  of  antimony  is  formed,  which  may  bo  rendered  anhy- 
drous at  a  moderate  heat  without  losing  its  red  color, 

Exp.  143.— Diasolve  2  gnns.  of  tartar  emetic  in  50  c.  c.  of  water 
and  add  to  the  solution  a  few  drops  of  acetic  acid ;  pass  a  alow  cun'ent 
of  sulphuretted  hydrogen,  from  a  self-regulating  generator  (Appendix, 
5 19),  through  this  solution  for  ten  minutes.  The  precipitate  is  the 
hydrated  tersulphide  of  antimony.  Collect  this  precipitate  upon  a 
filter  and  wash  iL 

Erp  143. — Pour  a  dilute  cold  solution  of  caustic  soda  upon  the 
wisliedprecipitateof  the  last  experiment  as  it  lies  upon  the  filter,  and 
collect  the  filtrate  m  a  test-tube;  if  the  whole  precipitate  does  not 
shoith  redissolve  pour  the  fllti'ate  a  second  time  upon  tlie  undissolved 
precjj  tate  m  the  filter,  or  use  an  additional  quantity  of  soda-lje,  if 
necesBatj  There  ii  produced  a  mixture  of  sulphmiiimouite  at  sodium 
and  teroside  of  antimony,  whict  is  soluble  in  the  excess  of  soda-Ive. 
2SbjSj  +  6NaH0  =  3NajS,SbjS^  +  SbjO,  +  3HjO. 
Ej^.  144.— Pour  the  clear  alkaline  solution,  obtained  in  the  last 
experiment,  into  two  or  three  times  its  bulk  of  dilute  chlorhydric  acid. 
The  whole  of  the  antimony  will  be  thrown  down  again  as  teriulphide, 
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without  aaj  evolution  of  aidphuretted  hydrogen,  because  the  gaa 
Evolved  from  tte  sulphajitinionite  is  exactly  absorbed  by  the  dissolved 
teroxide ; — 

3NBjS,Sb„Sj  +  6II01  =  6NaCI  +  Sb^S,  +  SH^S, 
SbjO,  +  311^8  =  SbaS,  +  SHjO. 
When  hydrated  amorphous  tersulphide  of  antimony  is  boiled 
with  a  solution  of  carbonate  of  sodium,  it  is  dissolved ;  the  filtered 
liquid,  on.  cooling,  deposits  a  reddish-brown  substance,  formerly 
much  iibed  in  medicine,  and  known  as  kermes  mineral.  This  sub- 
BtiULe  IS  not  a  definite  compound,  but  is  a  variable  mixture  of 
ter'fulphide  and  terosido  of  antimony,  the  latter  being  combined 
with  \  small  portion  of  the  alkali.  Minute  crystals  of  teroxide 
of  antimony  have  been  recognized  in  this  mixtare  by  microscopic 
examination,  A  solution  of  cream  of  tartar  will  dissolve  out  the 
teroxide.  leaving  the  tersulphide.  On  acidulating  the  cold  filtered 
liquid,  after  the  deposition  of  the  kermes,  with  chlorhydric  acid, 
a  jmrtioularly  bi%bt  orange  precipitate  of  sulphide  of  antimony, 
known  as  the  golden  sulphide,  is  precipitated.  Artificial  sulphide 
of  antimony  can,  indeed,  be  precipitated  of  aimost  any  color  be- 
tween a  light  orange  and  a-  blackisb  brown.  A  vermilion-red 
sulphide  has  found  some  applications  as  a  paint, 

Hxp.  145. — Place  in  a  porcelain  dish  10  grms.  of  a  solution  of 
chloride  of  antimony  of  about  1'35  api^cific  gravity;  add  to  this  cUo- 
ride  a  cold  solution  of  hyposulphite  of  sodium  made  by  dissolving  16 
grms.  of  the  salt  in  30  c.  c.  of  water ;  heat  the  dish  very  slowly,  and 
Btir  its  contents  continually  so  long  as  any  precipitate  separates  from 
the  liquid.  The  sulphide  of  antimony  is  thrown  down  of  a  brilliant 
red  color.  The  color  of  the  precipitate  is  darker  in  proportion  as  the 
temperature  o£  the  mixture  is  higher;  when,  therefore,  a  fine  red  is 
produced,  the  lamp  may  ba  withdrawn,  in  order  to  prevent  the  color 
from  growing  brown.  The  precipitate  is  collected  on  a  filter,  drained 
thoroughly,  and  then  washed,  first  with  dilute  acetic  acid  and  subse- 
quently with  water. 

Sulphantimonite  solutions,  similar  to  those  prepared  in  the  wet 
way,  may  be  obtained  by  fusing  tersulphide  of  antimony  with  dry 
caustic  soda  or  potash,  or  with  the  carbonates  of  sodium  or  potas- 
sium, and  boiling  the  residue  with  water.  During  the  esposiire 
to  air  of  hot  sulphantimonite  solutions,  a  process  of  oxidation 
takes  place,  whereby  the  sulphur  set  free  from  one  portion  of 
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the  salt  converts  anotter  portion  into  the  state  oi  sidphantimomale, 
so  ttat  on  aciiiulation  some  qiainquisnlphide  of  antireory  is  pre- 
cipitated along  with  the  tersulphide. 

Like  the  teraulphide  of  arsenic,  the  tersnlphide  of  antimony  is 
a  sulphur-acid  which  unites  with  hasic  metallic  sulphides  to  form 
Bulphur-salts.  The  artificial  sulphantimonites  of  the  alkalies 
have  been  alluded  to  above ;  there  are  many  natural  minerals  of 
analogous  composition ;  among  such  may  be  mentioned  Miargjrite, 
Ag,8,Sb,S,,  Boumouite,  2Pb,S,Cu,8,Sb^S3,  and  Bertiierite,  3PeS, 
2Sb,S,. 

357,  QuittquisvlpTiide  of  Antimony  (Sb^S,). — This  compound, 
which  is  not  native,  is  made  by  passing  sulphuretted  hydrogen 
through  quinqui chloride  of  antimony  dissolved  in  tartaric  acid. 
It  may  also  be  prepared  by  acidulating  the  solution  of  the  sulph- 
antimoniute  ot  sodium,  SWajS.SbjS, : — 

3Na^S,8b,8,  +  6HC1  =  6XaCl  +  8b,S,  -l-  3H.8. 
The  quinqnisulpMde  is  an  orange-yellow,  anhydrous,  amorphous 
powder,  and  is  chiefly  remarkable  for  the  facility  with  which  it 
unites  with  the  sulphides  of  the  metals  to  form  sulphantimoniates ; 
on  this  account  this  sulphide  is  often  called  sulphantimonic  acid. 
It  is  readily  soluble  in  the  sulphides,  sulphydrates,  and  hydrated 
oxides  of  sodium,  potassium,  and  ammonium. 

The  sulphantimoniates  have  genei-aily  the  composition  repre- 
sented by  the  general  formula  3]!l,S,Sb^8,=2M^8bS,,  anaio<,'ous 
to  that  of  the  tribasic  phosphates  3M^O,Pj0j=2M,P0,.  The 
sulphantimoniates  of  sodium,  potassium,  and  ammonium  are  very 
soluble  in  water,  and  crystallize  with  facihty ;  those  of  the  heavy 
metals  are  insoluble.  The  iattei  are  precipitated  by  adding  solu- 
tions of  metallic  salts  to  a  solution  of  the  sulphantimoniate  ot 
sodium,  keeping  the  latter  in  excess.  The  sodium  salt  may  be 
prepared  as  follows;-— 

In  a  wide-mouthed  bottle,  or  other  vessel  which  can  be  closed,  mix 
thoroughly  22  grms.  of  elutriated  f«rsii)phlde  of  imtimony,  26  gxms. 
of  crystallized  caibcnate  of  sodium,  2  grms.  of  flowers  of  sulphur,  10 
gmiB.  of  quielilime,  slaked  after  weighing,  and  40  c.  c.  of  water.  Let 
the  miitute  digest  at  the  ordinary  temperature  for  24  hours,  with 
frequent  stirring ;  then  filter  the  liquid,  wash  the  residue  several  times 
with  water,  and  evapoiate  the  filtiate  and  the  wash-water  in  a  porce- 
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Iwn  dish  or  clean  iron  pan,  until  a  sample  yields  crystals  on  cooling.  The 
formation  of  the  salt  ia  accelerated  hy  boiling.  The  whole  is  then  left 
to  cool;  the  deposited  crptals  are  waslied  two  or  three  times  with 
cold  water  and  dried  under  a  bell-jar  over  a  dish  of  an  absorbent  like 
quicklime  or  oil  of  titriol.  The  salt  is  sulphantimoniate  of  sodium 
Na^SbSj+gHjO ;  it  forma  transparent,  colorless  or  pale  yeUow,  regular 
tetrahedrons. 


CHAPTEE    XIX. 

BISMTJXH — THE    NITKOOEN    GROITP. 

358.  The  metal  bismuth  is  found  chiefly  in  the  metallic  state, 
but  also  occuis  in  oombinatioa  with  sulphur,  oxygen,  and  tellu- 
rium. It  is  prepared  for  tbe  arfs  almost  exclusively  from  native 
bismuth.  The  process  of  extracting  the  metal  from  the  gneiss 
acd  clay-slate  in  which  it  generally  occurs  is  very  simple,  the 
mineral  being  merely  heated  in  closed  iron  tubes,  inclined  in  such 
a  manner  that  the  melted  bismuth  mns  down  iato  earthen  pote, 
which  are  heated  sufficiently  to  keep  the  metal  in  a  state  of  fusion. 
It  is  then  1  idled  out  and  run  into  moulds.  The  impure  metal, 
which  often  contains  sulphur,  arsenic,  copper,  niekel,  and  iron, 
miy  be  punhed  bj  meltm^  it  two  or  three  times  with  alwut  -^ 
its  weight  of  nitre 

Bismuth  IS  a  tolerably  hard,  brittle  metal,  of  a  grayish-white 
color  with  a  itdlish  tinge  ^hen  pure,  it  crystallizes  more 
i<  dAih  than  anj  othei  mLtai  by  the  method  of  fusion  (§  188) 
it  way  be  obtained  in  most  Leautiiul  crystals,  made  highly  iri- 
destent  by  the  thin  him  of  9side  which  forma  on  their  surfaces 
while  they  are  still  hot,  these  trjstals  look  like  cubes,  but  are 
reilly  ihombohedtons  Eismuth,  like  phosphorus,  arsenic,  and 
antimony,  is  dimorphous  presenting  forms  both  of  the  mono- 
metnc  and  hexagonal  systems  The  metal  melts  at  ii64°  and 
expands  about  ^  m  solidifjing,  hence  its  specific  gravity  ia 
gieater  m  the  liquid  th«in  m  the  solid  state.  When  the  metal  ia 
subjected  to  stiong  prLSSuie,  its  specifie  gravity,  normally  8'fl3, 
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has  been  said  to  become  less.  At  a  high  temperature  bismuth 
maj  be  distilled.  Of  all  metals  it  exhibits  in  the  highest  degree 
the  phenomena  of  dianiagnetiam.     Its  atomic  weight  is  21 0. 

Exposed  to  dry  or  moist  air  the  metal  does  not  alter ;  but  whea 
exposed  to  the  combined  action  of  air  and  water,  it  is  super- 
ficially oxidized.  When  heated  in  the  air,  it  bums  with  a  bluish 
flame,  forming  yellow  fames.  Strong  chlorhydric  acid  acts  on  it 
with  difliculty ;  sulphuric  acid  attacks  it  only  when  hot  and  con- 
centrated ;  nitric  acid  attacks  it  immediately,  and  effects  complete 
solution,  with  formation  of  nitrate  of  bismuth  and  evolution  of 
nitric  oxide. 

359.  Bismuth  promotes  the  fiisibUity  of  metals  with  which  it 
is  alloyed  to  an  extraordinary  extent.  The  most  remarkable 
alloy  of  bismuth  is  that  known  as  "fusible  metal."  When  com- 
posed of  1  part  of  lead,  1  part  of  tin,  and  2  parts  of  bismuth,  this 
alloy  melts  at  93^-73.  Solid  fusible  metal,  like  liquid  water, 
undergoes  an  aaomalons  contraction  by  heat.  It  expands  regu- 
larly from  0°  to  35°,  then  contracta  gradually  as  the  temperature 
rises  to  55°  at  which  point  it  is  less  bulky  than  at  0°,  again 
expands  rapidly  to  80",  and  beyond  that  temperature  continnes 
expanding  regularly  up  to  its  melting-point.  On  account  of  this 
property  of  expanding  as  it  cools  while  still  in  the  soft  state,  the 
alloy  is  much  used  for  taking  impressions  from  dies ;  the  linest 
and  faintest  lines  are  reproduced  with  great  accuracy.  It  is  ob- 
vious that  an  alloy  possessing  such  properties  must  be  something 
more  than  a  mere  mixture  of  the  constituent  metals. 

No  compound  of  bismuth  and  hydrogen  is  as  yet  known. 

Bismut/i  and  OjT/^m— Bismuth  forms  two  principal  oxides, 
a  teroxide  (Blfi^)  and  an  acid  oxide  (Bifi^)  j  besides  these,  there 
is  an  intermediate  oxide  (Bi^O^)  which  may  be  represented  as  a 
compound  of  the  other  two  BijOj,  Hi  0,=2Bi  0  . 

360.  Tiro^de  of  Bismuth  (B\0,). — This  oxide  is  formed  when 
the  metal  is  roasted  in  the  air,  but  is  best  obtained  by  gently 
igniting  the  nitrate  or  subnitrate.  It  is  a  pale-yellow,  insoluble 
powder,  which  melts  at  a  red  heat,  and  is  easily  reduced  to  the 
metallic  state  by  heating  it  with  charcoal.  A  white  hydrate  of 
this  oxide,  Bij0j,Hp=2BiH0j,  may  be  precipitated  from  a  salt 
of  bismuth  by  an  excess  of  ammonia.     Teroxide  of  bismuth  corn- 
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bines  with  acids  to  form  the  bismuth  aalta  ;  in  the  normal  salts 
one  atom  of  bismuth  ri  places  three  atoms  of  hydrogen,  thus ; — 

BI,0,  4-  3(H^K,0J  =  3H^0  +  I!i,3(N,0J. 
Basic  salts  of  bismutb  are  also  known,  in  which  a  larger  propor- 
tion of  bismuth  is  present.  Some  of  the  normal  salts  crystallize 
well  from  acid  solutions,  but  they  cannot  exist  in  solution  unless 
an  excess  of  acid  is  present.  On  diluting  solutions  of  the  nor- 
mal salts  with  water,  insoluble  basic  salts  are  precipitated ;  this 
reaction  recalls  the  behavior  of  antimony  aolutioua.  The  nitrate 
of  bismuth,  Bi,3(N,0,)  +  9Hp,  is  the  commonest  soluble  salt  of 
bismuth ;  it  is  procured  by  dissolving  the  metal  in  nitric  acid. 
To  the  basic  nitrate,  which  is- precipitated  -wheu  water  is  added 
to  the  solution  of  the  normal  nitrate,  the  formula  SiBip^.iNp, 
+Snfi  has  been  assigned.  Bismuth  salts  are  heavy  compounds, 
which  are  colorless  unless  the  acid  be  colored ;  they  are  poisonous 

361  Qmnquioiide  of  Bismuth,  or  BiimuthL  Acid  CBi^O,). — 
"When  chlorine  gia  is  p^ssed  through  a  concentiated  solution  of 
potash  hildmg  teroxide  of  bismuth  m  auspen&ion,  a  blood-red 
solution  IS  obtiined,  from  which  there  soon  sepaiates  a  red  pre- 
cipitate this  substmce  is  a  mixture  of  hjdrited  bismuthic  acid 
and  teroMde  ot  bismuth  Cold  dilute  nitnc  acid  dissolves  the 
oxide  but  does  not  attack  the  acid  The  hydrited  acid  gives  up 
Its  water  at  a  temperature  of  130°  ind  the  anhydrous  quinqui- 
oxide  rtmams  a"!  a  bro'vsn  powdci,  wbioh  m  ccntact  with  acids, 
parts  verj  readily  with  a  portion  of  its  oxygen  and  falls  back  to 
the  state  of  terovide  The  anbydruus  q  iinqmonde  may  be  also 
converted  by  a  gentle  heat  into  the  inteimcdiate  oxido  BijO^. 
Biamuthic  acid  combines  with  ciustic  soda  and  potash,  but  the 
compounds  aie  dpc  imposed  by  mere  vpashmg  The  bismutbatea 
are  httle  Inown,  and  are  of  mteiest  only  m  so  far  as  they  go  to 
show  the  feeble  acid  charactei  of  the  quinquioxide 

362  Te>Jdor%de  of  Bismuth  (BiC\)—'niK  cmpound  maybe 
obtained  bv  heating  bismuth  in  ehlonne,  or  by  mixmg  the  metal 
m  fine  powder  with  twice  its  weight  of  corrosive  sublimate  (chlo- 
ride of  mercury)  and  distilling.  The  same  substance  is  produced 
when  bismuth  is  dissolved  in  aqua  regia,  and  the  excess  of  acid 
evaporated.     It  is  a  very  iiisible,  volatile,  deliquescent  body, 
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which  was  called  hutte.r  of  hismuth,  from  ita  resemblance  to  (lifl 
better  of  antimony,  long  before  the  relationship  now  eatablishcd 
between  bismuth  and  antimony  had  been  recognized.  The  tcrchlo- 
lide  is  decomposed  by  water  into  chlorhydrio  acid,  which  dissolves 
a  portion  of  the  chloride,  and  a  precipitate  containing  bismuth, 
chlorine,  and  oxygen,  and  called  omychloride  of  bismuth. 

SEiCl^  +  SH^O  ■=  6HG1  +  Bi^CI^O,. 
The  same  oxychlorido  is  precipitated  when  a  solution  of  nitrate 
of  bismuth  is  poured  into  a  sohition  of  common  salt.  It  is  used 
as  a  pigment,  and  is  known  as  "  pearl-white."  It  may  be  distin. 
giiished  from  the  analogous  osychloride  of  antimony  by  the  fact 
that  it  is  insoluble  in  tartaric  acid  and  in  potash,  both  of  which 
_dissolve  the  antimony  compound.  Terehloride  of  bismuth  forms 
crystallizablo  double  salts  with  the  chlorides  of  sodium,  potas- 
sium, and  ammonium.  These  chlorine  salts  are  analogous  in 
composition  to,  and  isomorphous  with,  the  corresponding  double 
chlorides  of  antimony. 

363.  Tersulphide  of  Bismuth  (Bi^S,).— Bismuth  glance,  a 
somewhat  rare  mineral  which  occurs  in  acicular  prisms  isomor- 
phous  with  the  native  tersulphide  of  antimony,  is  a  tersulphide 
of  bismuth.  The  same  compound  may  be  formed  artificially  by 
fusing  the  pulverized  metal  with  one-third  its  weight  of  sulphur. 
Heated  in  close  vessels,  the  sulphide  evolves  sulphur ;  heated 
with  access  of  air,  it  forms  teroxide  of  bismuth  and  sulphurous 
acid.  The  tersulphide  is  also  obtained  as  a  brown-black  preci- 
pitate when  sulphuretted  hydrogen  is  passed  through  a  solution 
of  a  hismuth  salt. 

Kvp.  146. — Dissolve  0'5  grm.  of  finely  powdered  bismuth  in  aqua 
regia,  in  a  small  flaslc ;  the  aqua  regia  should  be  added  by  small  por- 
tions at  a  time,  so  as  to  avoid  au  unnecessary  excess  of  acid,  and  the 
mixture  should  be  gently  heated.  When  complete  solution  has  been 
effected,  pout  one  or  two  drops  of  the  acid  solution  into  a  tumbler  full 
of  water,  and  observe  the  precipitation  of  white  oxychloride  of  bismuth 
(S  S62).  To  the  rem.iinder  of  the  solution  add  water,  drop  by  drop, 
with  constant  stirring,  until  a  shght  cloudiness  appears;  add  a  drop  of 
chlorhydric  acid  to  clear  the  solution,  and  through  the  slightly  acid 
liquor,  thus  obtained,  pass  a  slow  stream  of  sulphuretted  hydrogen 
until  the  solution  has  become  so  thoroughly  chwged  with  this  gas 
that  it  continues  to  smell  of  sulphuretted  hydrogen  even  after  it  has 
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been  removad  from  tha  source  of  the  gas.  Filter  the  brownish-black 
precipitate  of  tersulphide  of  bismuth  and  wash  it  with  water  upon  the 
Alter;  scrape  off  a  portion  of  the  precipitate  from  the  filter,  with  a 
smooth  slip  of  wood,  and  place  it  in  a,  test-tube  together  with  a  few 
drops  of  a  solnlion  of  caustic  soda ;  it  will  not  dissolve.  Test  another 
potljon  of  the  precipitate  m  tUe  same  way  with  &  solution  of  sulphy- 
drate  of  ammonium ;  it  will  not  dissolve.  The  last  two  reactions 
estabhsh  distinct  differences  between  the  sulphides  of  bismuth  and 
antimony,  in  addition  to  their  difference  of  color.  Again  filter,  and 
wash  the  undissolved  sulphide  and  heat  a  little  of  it  moderately  on 
platinum  foil  over  the  gas-lamp ;  sulphurous  acid  will  be  given  off, 
and  the  oxide  of  bismuth  remains;  this  oside  readily  melts  to  dark- 
yellow  globules. 

364.  The  Nitrogen  Group  of  Elemmfs. — The  five  elements 
nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth,  form  a 
■well-marked  natural  group  of  elements.  In  the  first  place,  the 
elements  themselves  exhibit  a  definite  gradation  of  properties; 
and  secondly,  tlie  analogy  in  composition  and  properties,  mani- 
fested by  the  similar  compounds  of  the  five  elements,  is  most 
striking  and  complete. 

nitrogen  is  a  gas,  pkosphorus  a  solid  whose  specific  grai-ity 
varies  from  1-8  to  2-2,  arsenic  has  the  specific  gravity  of  5-6, 
antimony  of  6-7,  while  that  of  bismuth  rises  to  9-8.  The  metallic 
character  is  most  decided  in  bismuth,  is  somewhat  leas  marked  in 
antimony,  is  doubtful  in  arsenic,  and  almost  vanishes  in  phos- 
phorus. All  four  of  these  elements  are  dimorphous,  presenting 
forms  both  of  the  monometric  and  hexagonal  systems.  The  series 
of  corresponding  hydrides,  oxides,  chlorides,  and  snlphides  which 
the  elements  of  this  group  form  are  very  perfect;  they  prove  the 
general  chemical  likeness  of  tiie  five  elements : — 
Hydrides.  Oxides.  Oxides.  Oxides.  Chlorides.  Sulphides. 
NH,        N,0,         N,0.  N,0,  NCL,(?)        P,S, 

PH,         P^O,  Sb,0.  P,0,  PCI,  As^S, 

AsH,       As^O,         Bi,0,  As^O,         AsCl,  Sb^S, 

SbH,       Sb,0,  S\0,  SbCl,  Ei„S, 

Bi,0  Bi,0,         Bid, 
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Tte  first  four  members  of  tho  group  form  gaseous  terhydrides, 
in  which  three  volumes  of  hydrogen  and  one  atom  of  a  nitrogen- 
group  element  are  combined  to  form  two  volumes  of  tho  com- 
pound gas.  We  have  already  spoken  of  the  similarity  of  che- 
mical composition,  and  the  gradation  of  properties  manifested  by 
these  four  hydrides.  Ammonia  is  a  powerful  base,  and  requires 
a  high  temperature  ibr  its  decomposition  ;  phosphuretted  hydro- 
gen is  a  very  feeble  base,  while  the  hasie  character  is  not  per- 
ceptible in  arseniuretted  and  antimoniuretted  hydrogen.  Each 
of  the  last  three  hydrides  is  decomposed  by  simple  exposure  to 
heat,  phosphuretted  hydrogen  requiring  the  highest  temperature, 
arseniuretted  hydrogen  decomposing  at  a  lower,  and  antimoni- 
uretted hydrogen  at  a  still  lower  degree  of  heat.  The  aiRnity  of 
bismuth  for  hydrogen  is  so  feeble  that  it  does  not  appear  to  form 
a  hydride. 

The  teroxides  also  show  a  gradation  of  physical  and  chemical 
qualities.  Teroside  of  nitrogen  (nitrous  acid)  is  a  highly  vola- 
tile liquid,  that  of  phosphorus  (phosphorous  acid)  a  very  volatile 
solid,  that  of  arsenic  a  less  volatile  solid,  that  of  antimony  a 
solid  volatile  only  at  a  full  red  heat,  and  that  of  bismuth  a  solid 
which  requires  an  extremely  high  temperature  for  its  volatiliza- 
tion. The  teroxides  of  nitrogen  aud  phosphorus  form  with  water 
strongly  acid  liquids ;  teroxidc  of  arsenic  is  but  a  feeble  acid ; 
teroxido  of  antimony  is  sometimes  an  acid  and  somefimes  a  base, 
while  teroxido  of  bismuth  is  a  decided  base.  Araenious  and 
antimonious  acids  are  isodimorphous.  The  series  of  quinqui- 
oxides  also  shows  a  very  marked  gradation  of  chemical  energy, 
especially  when  the  compounds  which  they  form  with  the  ele- 
ments of  water  are  considered.  Nitric  acid  is  a  powerful  acid 
of  intense  energy;  phosphoric  acid  is  still  a  strong  acid,  but 
much  less  incisive  than  nitric  acid ;  arsenic  aeid  has  the  corrosive 
properties  generally  attributed  to  acids,  but  it  is  chemically  a 
rather  leas  vigorous  compound  than  phosphoric  acid.  The  phos- 
phates and  arseniates  are,  however,  isomorphous,  and  the  two 
acids  are  very  much  alike.  In  the  quinquioside  of  antimony 
the  acid  character  becomes  comparatively  indistinct;  and  in  the 
so-called  bismuthie  acid  little  remains  but  the  name. 
The  terchloride  of  nitrogen  has   hardly  been  examined,   on 
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account  of  its  extreme  instability.  The  otiier  four  torchloridea 
are  all  volatile  substances  of  analogous  composition,  since  three 
volumes  of  chlorine  and  one  atom  of  the  nitrogen -group  olement 
unite  to  form  two  volumes  of  the  compound  vapor.  The  boiling- 
points  of  the  terchlorides  of  phosphorus,  arsenic,  and  antimony- 
are  74°,  132^,  and  223°  respectively,  while  that  of  the  terchlo- 
ride  of  bismuth  is  considerably  higher  still.  AUfour  terchlorides 
are  decomposed  by  an  excess  of  water. 

The  tersulphides  of  antimony  and  bismuth  are  isomorphoua. 
The  elements  of  this  group  do  not  form  many  combinations 
among  themselves.  They  combine  with  hydrogen,  metals  and 
compound  radicals  which  replace  hydrogen  atom  for  atom,  and 
with  the  members  of  the  chlorine  group,  by  preference,  in  the 
proportion  of  1  atom  to  3 ;  they  also  combine  with  oxygen  and 
the  members  of  the  sulphur  group,  by  preference,  in  tho  propor- 
tions of  2  atoms  to  3,  or  2  atoms  to  5. 

When  the  qualities  of  the  corresponding  compounds  which  the 
members  of  the  nitrogen  group  form  with  other  elements  are  duly 
taken  into  account,  it  will  be  apparent  that  the  relative  chemical 
power  of  each  element  of  the  group  may  be  interred  from  its  po- 
sition in  the  series  of  elements  : — 

N  =  14,  P  =  31,  As  =  75,  8b  =  122,  Bi  =  210. 
The  chemical  energy  of  these  five  elements,  broadly  considered, 
followa  the  opposite  order  of  their  atomic  weights. 


CHAPTEH  XX. 


365.  Carbon  is  an  extremely  important  and  a  very  abundant 
element.  All  organic  substances,  all  things  which  have  life, 
contain  it.  Large  quantities  of  it  occur  in  the  mineral  kingdom 
as  well,  both  in  the  free  state  and  in  combination  with  oxygen 
and  with  other  elements.  The  various  forms  of  coal,  graphite, 
petroleum,  asphaltum,  and  all  the  different  varieties  of  limestone, 
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chalk,  marble,  coral,  and  sea  shells  contain  it  in  large  proportion. 
It  is  found  also  in  the  atmosphere  and  in  the  waters  of  the  globe, 
and  though  existing  therein  in  comparatively  small  proportion,  it 
is  an  ingredient  not  less  essential  than  either  ot  their  other  con- 
stituents lor  the  maintenance  of  the  actual  balance  ot  oi'gauic 
nature.  All  vegetahle  life  is  directly  dependent  upon  the  pre- 
sence of  the  compound  of  carbon  (carbonic  acid)  which  exists  in 
the  atmosphere. 

366.  Three  distinct  allotropic  modifications  of  carbon  are  dis- 
tinguished, namely:— 1.  The  diamond  ;  2.  Plumbago  or  graphite; 
and  3.  Ordinary  charcoal  or  lampblack.  There  are  many  anb- 
varictics  of  the  modification  last  named ;  but  their  peculiarities 
appear  to  depend  chiefly  upon  physical  conditions  of  aggregation, 
whereas  each  of  the  three  principal  varieties  of  uarbon  above  enu- 
merated is  really  different  from  the  other  two  in  chemical  quality 
or  nature. 

367.  Theelementcarhon,  in  each  of  its  modifications,  IS  in  in- 
fusible, non-volatile  solid  devoid  of  taste  and  smell  But  the 
several  modifications  difter  amon^  themselves  m  color,  hardneai, 
lustre,  specific  gravity,  behavioi  towards  chemicdl  a-^nts  power 
of  conducting  heat  and  electricity,  and  m  \anoua  other  re^pecf; 
All  the  varieties  of  carbon,  however,  agree  m  thu  that  on  being 
strongly  heated  in  presence  of  oxygpn  they  unite  with  it  and 
form  carbonic  acid  (00^) ;  hut  m  the  comparative  readiness  with 
which  this  result  is  attained  great  difteienoes  aie  n)ti<.ea'>le  m 
the  different  varieties. 

Lampblack  and  charcoal,  as  is  well  known,  readily  combine 
with  oxygen  at  the  temperature  of  an  ordinary  fire ;  they  bum 
easily  in  the  air.  JBut  graphite  burns  so  slowly  in  air  that  it  is 
used  for  making  the  crucibles  in  which  the  most  refractory  metals 
arc  melted.  (See  Appendix,  §  26.)  On  being  heated  to  a  very 
high  temperature,  however,  in  oxygen  gas,  graphite  slowly  piider- 
goes  combustion ;  and  the  same  j-emark  is  true  of  the  diamond. 
Both  graphite  and  diamond  can.  be  consumed  by  nascent  oxygen, 
as  when  heated  in  the  condition  of  fine  powder  with  a  mixture 
of  bichromate  of  potassium  (a  substance  rich  in  oxygen)  and  sul- 
phuric acid.  They  can  be  oxidized  also  by  heating  them  with 
nitrate  or  with  chlorate  of  potassium. 
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368.  Diamond, — Of  this  first  variety  of  carbon,  little  need  here 
be  said.  The  physical  properties  which  render  it  so  valuable,  its 
high  refractive  power  as  regards  light,  and  its  extreme  hardness, 
are  familiar  to  all.  It  the  hardest  known  substance,  being  capable 
of  scratching  all  other  substances  ,  the  name  diamond  is  a  mere 
corruption  of  the  woid  adamant 

Of  the  chemistry  of  the  diamond  very  Httle  is  known.  It  con- 
sists of  pure  or  nearly  pure  carbon,  crystaUized  in  octahedrons 
and  other  forms  of  the  fiist  or  regular  system ;  its  specific  gravity 
is  about  3-55,  and  its  specific  heat  0-1469.  It  conducts  electri- 
city and  heat  but  slowly ;  and  yet  it  conducts  heat  so  much 
better  than  glass  that  this  property  is  sometimes  made  use  of 
as  a  test  to  distinguish  false  from  real  diamonds.  Its  refraclive 
power  on  light,  as  compared  with  that  of  glass  or  rock-crystal,  ia 
as  2'47  to  1-6. 

Chemists  are  as  yet  unable  to  prepare  this  variety  of  carbon 
artificially ;  the  only  source  of  it  is  the  natui  al  mineral.  It  was 
tbongbt,  at  one  time,  that  if  there  could  but  be  devised  means  of 
fusing  carbon,  crystals  of  the  diamond  modifi-catioa  might  pos- 
sibly separate  out  from  the  molten  liquid  as  it  cooled ;  but,  at 
present,  all  the  evidence  goes  to  show  that  at  high  temperatures, 
the  second  modification  of  carbon  (namely,  graphite),  and  not 
diamond,  is  produced.  If  a  diamond  he  heated  white-hot  between 
the  charcoal  points  of  a  powerful  galvanic  battery,  it  softens,  and 
swells  up,  and,  after  cooling,  there  is  found  a  hard  black  brittle 
mass  like  the  coke  obtained  by  heating  bituminous  coal.  So,  too, 
carbon  is  soluble  in  melted  iron,  and  a  portion  of  it  crystallizes 
out  as  the  iron  becomes  cold,  but  the  crystals  thus  obtained  ai'e 
crystals  of  graphite  and  not  of  diamond.  We  can,  therefore,  only 
surmise  that  diamonds  crystallize  at  a  low  temperature  from  some 
unknown  solvent  of  carbon,  or,  with  greater  probability,  that 
when  carbon  is  separated  by  the  decomposition  of  some  one  of  its 
compounds  it  is  left  in  the  diamond  condition. 

The  diamond  is  not  attacked  by  the  strongest  aeids  or  alkalies, 
not  even  by  fluorhydrie  acid ;  nor  is  it  acted  upon  by  any.  of  the 
non-metallic  elements,  with  the  exception  of  oxygen  at  high 
temperatures.  At  the  ordinary  temperature  of  the  air,  diamond 
undergoes  no  appreciable  chaoge,  during  the  lapse  of  centuries ; 


.y  Google 


290  GRAPHITB. 

it  appears  to  be  well  nigh  indestructible,  in  the  orJUnary  sense  of 
the  term.  Out  of  contact  with  the  air,  or  in  an  atmosphere  which 
has  no  chemical  action  upon  it,  it  saffere  no  alteration  at  the 
highest  furnace  heat. 

369.  Graphite  or  Plumbago,  sometimes  called  "black-lead,"  is 
familiarly  known  as  the  material  of  common  "  lead  pencils."  It 
is  found  as  a  mineral  in  natnre  in  varions  localities.  It  occurs 
both  in  the  form  of  crystals  (six-t^ided  tables  belonging  to  the 
hexagonal  system)  and  in  the  amorphous,  massive  state.  In  both 
foi-ms  it  is  always  opaque,  of  a  black  or  lead-gray  color  and  me- 
tallic lustre ;  it8specificgravitjyane='froml  b  to2'l ;  itsspccific 
heat  is  0-201. 

It  conducts  electricity  nearly  as  well  as  the  metals,  and  is,  on 
this  acctiunt,  much  used  for  coating  surfices  of  wood,  wax,  plaster, 
and  other  n  on -conducting  matenab  so  as  to  render  them  capable 
of  conducting  the  galvanic  turrent  and  so  of  receiving  a  metallic 
film  such  as  is  deposited  from  solutions  of  the  metals  vrhen  sub- 
jected to  the  action  ot  the  gilvanic  current ,  it  is  an  important 
material  in  the  art  of  electro -metailui^y  Hie  lustre  and  con- 
ducting-power  of  graphite  go  far  to  justify  the  term  which  has 
been  often  applied  to  it,  metnllu  carbon 

370.  Graphite  is  very  friable  when  rubbed  upon  paper  it 
leaves  a  black  shining  mark,  whence  its  use  for  pencils.  Amor- 
phous graphite  is  much  more.^able  than  the  crystalline  variety ; 
it  makes  a  blacker  mark  upon  paper,  and  is  consequently  pre- 
ferred for  the  manufacture  of  pencils  ;  it  is,  in  fact,  so  soft  and 
unctuous  to  the  touch  that  it  is  often  used  as  a  lubricant  for  di- 
minishing the  friction  of  machinery.  But  in  spite  of  all  this  the 
particles  of  which  the  masses  of  graphite  are  composed  are  ex- 
tremely hard;  they  rapidly  wear  out  the  saws  employed  to  cut 
these  masses.  By  powerful  pressure  the  dust  of  plumbago  can  be 
forced  into  the  .condition  of  a  coherent  solid  similar  to  the  native 

In  the  air,  at  ordinary  temperatures,  graphite  undei^oes  no 
change  ;  hence  its  uscfor  covering  iron  articles  to  prevent  their 
rusting.  By  .virtue  of  jts  greasy,  adhesive  quality,  it  is  easy  to 
cover  iron  with  a  thin,  lustrous  layer  or  varnish  of  it ;  the  com- 
mon atove-poliahes,:for  ejc^ippje,  are  composed  of  powdered  gra- 
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pliite.  Even  at  very  high  temperatui;ps  ifc  is  scarcely  at  all 
oxidized  by  the  air ;  it  is,  moreover,  altogether  infusible  ;  Uence 
it  is  uaefuUy  applied  in  the  manufacture  of  a  highly  refractory 
kind  of  crucible,  known  as  black-lead  crucibles  or  blue  pota. 
(See  Appendix,  §  26.)  An  analogous  application  of  graphite  is 
Been  in  its  use  as  "  foundry-facings,"  a  term  applied  to  the  in- 
fusible dust  which  the  iron-founder  sifts  over  his  mould  of  sand 
before  pouring  into  it  the  melted  metal ;  if  the  hot  metal  were 
allowed  to  come  directly  into  contact  with  the  sand,  a  quantity 
of  the  latter  would  melt  and  remain  adhering  to  the  cold  mebil 
when  the  casting  was  taken  from  the  mould.  For  this  purpose 
coal-dust  is  an  inferior  substituM  for  graphite. 

371.  Pure  plumbago  is  never  met  with  in  nature;  when 
burned  in  oxygen  the  mineral  leaves  from  two  to  five  per  cent, 
of  ashes,  composed  mainly  of  oxide  of  iron,  together  with  small 
quantities  of  silica  and  alumina.  The  presence  of  this  impurity 
is  so  unvarying  that  graphite  was  formerly  supposed  to  be  not 
carbon,  but  a  chemical  compound  of  carbon  and  iron,  a  carbide 
of  iron;  this  view  has  now  been  disproved,  and  it  is  known  that 
the  iron  in  the  native  graphite  exists  there  merely  as  a  mechan 
ical  admixture. 

Soft,  fine-grained  plumbago,  suitable  for  the  manufacture  of 
the  best  pencils,  is  rare ;  but  the  coarse,  foliated  crystallized 
variety  is  abundant,  and  this  may  d^ily  be  made  soft  and  unc- 
tuous by  the  action  of  certain  oxidizing  agents. 

Exp,  147,  —  Mix  7grms.  of  coarsely  powdered  crystallized  graphito 
with  05  grm.  of  chlorate  of  potassium  in  fine  powder ;  add  the  mixture 
to  14  grms.  of  strong  sulphuric  acid  contained  in  a  porcelain  dish,  and 
heat  the  whole  over  a  water-bath  aa  long  as  yellow  vapors  of  hypo- 
chloric  acid  are  evolved.  Wash  the  cooled  mass  with  water,  and  sub- 
eequently  dry  it  on  the  water-bath. 

Ignite  a  firngment  of  the  dry  product  upon  a  piece  of  platinum  foil, 
and  observe  the  extraordinary  intumescence.  After  the  graphite  has 
ceased  to  swell  up,  rub  a  little  of  it  upon  a  porcelain  plate  and  note 
the  condition  of  exquisite  softness  to  which  it  has  been  reduced,  and 
the  ease  with  which  it  can  be  moulded  by  pressure  into  any  desired 
form. 

372.  Eegarded  from  the  chemical  point  of  view,  graphite  re- 
eemhlea  the  other  modifications  of  carbon  inasmuch  as  it  is  eon- 
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verted  into  carbonic  aci^  on  being  ignited  in  oxvs^en,  and  in  that 
it  undergoes  no  alteration  when  heated  in  cloae  vessels,  but 
differs  materially  from  the  other  Tarietiee  of  carbon  in  its  be- 
behavior  towards  several  of  the  oxidizing  agents  "When  graphite 
is  repeatedly  exposed  to  the  action  of  a  mixture  of  strong  nitric 
and  aulphurie  aeids,  or  to  that  of  a  mixture  of  chloiate  or  bichro- 
mate of  potassium  and  sulphurio  or  lutnc  acid,  it  li  converted 
into  a  peculiar  acid,  called  graphitic  acid. 

This  graphitic  acid  occurs  in  thin  transparent  crystals,  some- 
what soluble  in  water,  but  insoluble  in  water  containing  acids  or 
salts ;  on  being  heated,  it  decomposes,  with  explosion  and  evolu- 
tion of  light.  By  analysis,  it  baa  been  found  to  contain  carbon, 
hydrogen,  and  oxygen,  in  proportions  corresponding  to  the  com- 
plex formula  C,jH^O, ;  but  some  chemists,  who  regard  this  body 
as  an  analogue  of  an  acid  (Si^H^O,)  obtained  by  acting  upon  one 
of  the  modiiicatioES  of  silicon  with  oxidizing  agents,  have  sug- 
gested that  the  atomic  weight  of  graphite  may  be  different  from 
th'it  of  ordinary  carbon,  and  that  the  composition  of  graphitic 
acid  could  be  represented  by  the  simpler  formula  Gr^H^O.,  in 
which  the  symbol  Gr  stands  for  graph  on— provided  the  atomic 
weight  of  this  graphon  were  assumed  to  be  33,  instead  of  12  (tho 
atomic  weight  assigned  to  ordinary  carbon). 

Tho  graphitic  modification  of  carbon  can  reid'lj  be  ol  ta'ned 
artificially.  When  eharcoalis  added  to  melted  itoi  the  irun 
takes  up  a  considerable  quantity  of  it,  and  if  the  no  be  then 
left  to  cool  slowly,  a  portion  of  the  dissolved  cirbon  w  U  crys 
tallizc  out  in  the  form  of  graphite ,  the  crystals  ciu  leadily  be 
isolated  by  dissolving  away  their  metallic  envelope  by  means  of 
dilute  ehlorhydric  or  sulphuric  acid 

As  has  been  already  remaiked,  the  crystals  of  griphite  are 
six-sided  plates  of  the  hexagonil  system,  altDgethcr  unlike  the 
forms  of  the  regular  system  which  are  seen  in  the  diamond  In 
carbon,  then,  as  in  sulphur,  we  have  a  stnking  example  of 
dimorphism.   (See  §  192.) 

373.  Gas-Carbon. — An  interp'itmg  suh-vanety  of  carbon  some- 
what simOar  to  graphite,  and  standing,  as  it  were,  between  it 
and  the  ordinary  modification  of  carbon,  is  obtained  from  the 
retorts  in  which  common  illuminating  gas  is  manufactured.     It 
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18  known  as  "  gas -carbon,"  or  "  carbon  of  the  gas-retorts,"  and 
results  from  the  burning  on  of  drops  of  tar  upon  the  interiox 
walls  of  the  retort,  and  tbe  long- continued  heating  of  the  crust 
thus  formed. 

Gas-carbon  is  very  hard,  compact,  and  dense ;  it  has  the  me- 
tallie  lustre,  and  conducts  electricity  like  a  metal;  its  specific 
gravity  {2-356)  and  speoiflo  heat  (0-2036)  eloselv  resemble  those 
of  graphite.  On  account  of  its  high  conducting-pon  er,  it  is  em- 
ployed in  the  mannfaoture  of  galvanic  bottenea  ind  of  pencila 
for  the  electric  lamp;  its  infusibility  and  power  of  resistiig 
chemical  agents  have  led  to  the  employment,  in  various  scientific 
researches,  of  crucibles  and  tubes  wrought  out  of  it  it  has  also 
been  sometimes  employed  as  fuel  in  experiments  where  hi,her 
degrees  of  heat  are  needed  than  can  be  obtained  from  chaicoal 
or  coke.  The  intense  heat  developed  by  the  Lorabuation  of  this 
substance  is  referable  to  its  high  specific  gravity  a  very  con 
sideraUe  weight  of  carbon  can  here  be  burned  m  a  small  sp^ce 
Aa  a  fuel,  it  has  the  further  merit  of  leaving  seai  cely  any  ashes 

374.  Cohe  and  Anthracite  Coal  are  impure  sub  varietaes  of 
carbon  which,  from  the  chemical  point  of  view  may  be  classed 
either  vrith  graphite  or  charcoal,  or  better  between  the  hvo 
They  are  less  like  graphite,  ho\vever,  than  ga^  ciibon  is  Coke 
is  the  residue  resulting  from  the  destructive  distillation  ot  soft  or 
bituminoua  coal. 


JExp.  148.— Put  into  a  tube  of  hard 
glflisa,  No.  1,  12  or  16  cm.  in  length, 
ev.ough  bituminous  coal,  in  coarse 
powder,  to  fill  one-third  of  the  tube, 
fit  to  this  ignition-tube  a  large  de- 
livery-tube of  glass,  No.  4,  and  sup- 
port the  apparatus  upon  the  uon 
Btaud,  as  shown  in  the  figure.  Heat 
the  coal  in  the  ignition-tube,  and 
Tollect  in  bottles  the  gas  which  will 
be  evolved.  This  gas  is  a  mixture  of 
several  compounds  of  carbon  and  hy- 
drogen ;  for  the  present,  it  may  be  regarded 
it  is,  in  fact,  ordinary  illuminating  gas. 

it  is  iuaammable,  like  hydrogen,  but  bur 


Fig.  49. 
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nous  tiaine.  It  h  very  light  -mithal ;  tence  many  of  the  eipeiiiiients 
described  in  the  chapter  upon  hydrogen  may  be  performed  with  thia 
gas.    (See  Chapter  V.) 

Aa  soon  as  gas  ceases  to  be  given  off  fvom  the  coal,  take  the  end  of 
the  delivery-tube  out  of  the  water  and  when  the  ignition-tube  has 
become  cold,  break  it  and  examine  the  eoke  which  it  contains.  The 
cote  used  for  domestic  purposes  is  obtained  as  an  incidental  product  in 
the  manufaetm'e  of  illuminating  gas. 

In  Europe,  where  anthracite  is  kcking,  immense  quantities  of  coke 
are  prepared  for  metallurgical  uses,  the  gas  resulting  E-om  the  decom- 
position of  the  coal  being  usually  thrown  away. 

375.  Bituminous  coal  is  a  substance  of  vegetable  origin,  which 
appears  to  have  been  formed  fvom  plants  by  a  process  of  slow- 
decay  going  on  without  access  of  air  and  under  the  influence  of 
heat,  moisture,  and  great  pressure.  Like  vegetable  matter  in 
general,  it  is  composed  of  carbon  and  hydrogen,  together  with 
small  proportions  of  oxygen  and  nitrogen,  and  a  certain  quantity 
of  earthy  and  saline  substances,  commonly  spoken  of  as  inor- 
ganic matter.  On  being  heated  in  the  air,  it  burns  away  almost 
completely  after  a  while,  leaving  nothing  but  the  inorganic  com- 
ponent as  ashes.  But  when  heated  out  of  contact  with  the  air 
(that  is  to  say,  when  subjected  to  destructive  distillation,  as  in 
Exp.  148),  the  volatile  hydrogen  is  all  driven  off  in  combination 
with  some  carbon,  either  as  gas  or  as  a  tariy  liquid,  and  there 
remains,  as  a  residue,  only  carbon  contaminated  with  the  inor- 
ganic matters  originally  present  in  the  coal. 

376.  Both  coke  and  anthracite  are  hard  and  lustrous.  As 
compared  with  charcoal,  they  are  rather  difficult  of  combustion ; 
but  in  suitable  furnaces  they  bum  readily,  with  evolution  of  in- 
tense heat.  Both  anthracite  and  coke,  the  latter  in  spite  of  its 
porosity,  conduct  heat  readily,  as  compared  with  charcoal ;  hence 
one  reason  of  the  difficulty  of  kindling  them.  In  building  a 
charcoal  fire,  the  heat  evolved  by  the  combustion  of  the  kindling 
material  is  almost  all  retained  by  the  portions  of  charcoal  imme- 
diately in  contact  with  the  kindling  agent ;  but  in  the  case  of  coke 
or  anthradte  a  large  proportion  of  this  heat  is  conducted  off  and 
diffused  ttiroughout  the  heap  of  fuel,  so  that  no  portion  of  the 
fuel  can  at  once  become  very  hot.  It  follows  that  in  both  light- 
ing and  feeding  fires  of  coke  or  anthracite,  only  small  portiooa 


sd  by  Google 


— ABTHK  A  CITE^-CHAI 


255 


of  the  fuel  should  be  added  at  any  one  time,  lest  the  kindling 
material,  or  the  existing  fire,  be  unduly  cooled.  Since  coke  is 
asually  contaminated  with  a  considerable  proportion  of  inorgaDic 
matter,  its  combustion  ia  apt  to  be  hindered  by  the  accumula- 
tion of  ashes  and  consequent  exclusion  of  air,  unless  special  pre- 
cautions be  taken. 

377.  Charcoal  or  Lampi^ai*  is  commonly  tatsn  as  the  repre- 
sentativo  of  the  third  or  amorphous  modification  of  carbon.  This 
kind  of  carbon  can  be  obtained  in  a  state  of  tolerable  purity, 
either  by  heating  in  a  close  vessel  sugar,  or  starch,  or  some 
other  oi^anie  substance  which  contains  no  inorganic  constituents, 
or  by  bnroing  oil  of  turpentine  in  a  quantity  of  air  insufficient 
for  its  complete  combustion.  A  convenient  way  of  obtaining  it 
is  to  place  a  vessel  filled  with  ice-water  directly  in  the  flame  of  a 
lamp  fed  with  oil  of  turpentine,  so  that  the  combustion  of  the  oil 
shall  be  impeded,  and  that  soot  may  be  deposited  upon  the  walls 
of  the  vessel.  In  either  event,  however,  the  product  is  liable  to 
be  contaminated  with  traces  of  hydrogen  or  of  oxygen,  or  of  both 
these  elements,  which  cannot  be  expelled  even  by  the  application 
of  long- continued  and  intense  heat. 

For  such  illustrations  as  are  required  in  this  manual,  charcoal 
can  readily  be  prepared  from  wood  in  the  same  way  that  it  ia 
made  for  manufacturing  and  domestic  uses,  namely  by  subjecting 
the  wood  to  a,  process  of  incomplete  combustion, 

Sy.  149. — Lightoneendof  a  splinter  of  dry  wood  and  slowly  push 

the  homing  portion  into  the  mouth  of  a  teat-tube,  as  shown  in  Fig.  60. 
The  portion  of  the  splinter  which  remains 

outside  the  tube  and  in  contact  with  free  ^-  °'^- 

air  will  continue  to  bum  with  flame,  while  -^ 

that  within  the  tube  is  either  extinguished 

altogether  or  barely  glimmers  as  the  carbon 

slowly  imites  with  the  small  portion  of  air 

which  can  gain  access  to  it. 

Hxp.  150.— Repeat  the  foregoing  experi- 
ment, hut,  insipod  of  the  test-tube,  provide 

B.  cup  of  eand  and  slowly  thrust  the  burning  splinter  info  this  sand. 

The  flflnie  will  beexliniiuished  as  fast  as  the  splinter  is  cut  otf  frran 

the  air  by  immersion  in  the  sand,  end  a  residue  of  carbon  will  be  ttaa 

obtained,  as  before. 
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378.  'Whenever  wood,  or  any  other  vegetable  or  animal  mat 
ter,  is  not  completely  consumed  there  19  left  a  rcsid  it  o±  tarl  on 
Bimilar  to  that  obtained  in  the  f  Dregoing  e^pemneats  Inoom 
plete  combiiBtion  in  such  oases  is  leally  ^  piocess  of  destructive 
distillation,  or,  rather,  in  any  com^iustion  of  ft  ood  or  ot  bitumi- 
nous coal,  there  is  always  destzuctive  di  tillation  at  first  When 
the  splinter  of  wood  of  Exp.  149  11  heattd  la  the  lanij  m  order 
to  set  it  on  fire,  there  will  diitil  off  Irom  it  m  the  beginnii  ^ 
certain  volatile  compounds  of  hydrogen  ind  caibon  for  wood, 
like  coal  (§  375),  is  composed  f  carbon  hjdiugen  o^vgen  m 
trogen,  and  inorganie  or  earthy  matters,  and  when  exposed  to 
strong  heat  it  gives  off  in  the  gaseou"!  form  the  volatile  elements 
hydrogen,  oxygen,  and  nitrogen  together  with  some  carbon 
The  products  of  the  destructive  distillation  of  the  sphntti  will 
take  fire  and  burn,  and  the  heat  generat  i  hv  their  comb  ist  n 
will  be  sufficient,  not  only  to  distil  the  ccntignous  Dortions  of  the 
w  d  b  t  also  to  bring  the  residual  caibf  1  to  the  temperature  at 
wh   h    t  unites  with  oxygen      This  kindling  temperature  of 

b  t  hould  be  remarked  is  oonsideiatly  h  ghei  thin  that 
at  wh  h  the  volatile  distillate  con  posed  of  carl  on  t  id  1  vdrogen 
t  k       fi  Now  if,  as   in  Evienments  149    IjU    the  lurnmg 

pi  t  b  removed  from  the  air  is  soon  aa  the  act  of  distillation 
ha  b  n  rapleted,  but  befori,  the  comi  i  stion  of  the  carb  a  haa 
t  m  th  arbon  will  be  preserved  a^  has  been  seen  So  too 
wh  n  bur  ng  wood  is  extinguished  bv  pouiiag  watci  ipon  it, 
th  d  tillatory  process  has  occuned  and  has  been  more  or  le^s 
th  Jily  completed,  but  the  i-orabusti  n  of  the  eiibon    s  cut 

h  t  f  the  water  not  only  exdudts  air  but  absorbs  so  ranch 
h  t  th.  t  the  temperature  of  the  tuelia  reduced  below  the  kindling 
point,    (Compare  Exp.  24.) 

379.  Charcoal  can  be  obtained  also  by  distilling  wood  in  retoris 
in  the  same  way  that  we  have  seen  that  coke  can  be  procured 
from  bituminous  coal.    (See  Exp,  148.) 

Mep.  151, — Provide  an  ignition-tube  and  a  delivery-tulie  similar  to 
those  employed  in  Exp.  148,  Fill  the  ignition-tube  with  shavings  or 
small  fragments  of  wood,  arrange  the  apparatus  as  in  Fig.  51,  and  light 
the  gas-lamp.  Collect  in  bottles  the  gas  which  is  given  off  from  tha 
wood,  and  test  it  as  to  its  inflammability  by  applying  a  lighted  match , 
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)  the  end  of  the  delivery-tube 
n  eii1«r  the  ignitiun-tube,  &n^ 


After  the  flow  of  gas  has  ceasad,  rem 
from  the  water,  plug:  it  ho  that  no  air 
lay  the  appa^'atiis  aside  imtil  it  has 
become  cold.  Finally  remove  the 
cork  from  the  ignition-tube  and  take 
out  the  charcoal  which  is  contained 
in  it.  Heat  a  portion  of  this  char- 
coal upon  platinum  foil  and  observe 
the  manner  in  which  it  bums.  It 
will  illustrate  the  fact  that  solid  siib- 
staneea  which  are  incapable  of  evol- 
ving volatile  or  gaseous  matter  do 
not  burn  with  flame  ;   they  merely 


.Er/i,  152.— Pftck  an  ignition-tube  with  bits  of  wood,  as  in  Exp.  ISl, 
but,  instead  of  the  ordinary  delivery-tube,  insert  in  the  mouth  of  this 
ignition- tube  a  corlt  carrying  a  short  piece  of  glass  tubing  drawn  out 
t«  a  (ins  open  point.  By  means  of  wire,  tie  the  ignition-tube  to  a  ring 
of  the  iron  stand,  and  place  it  over  the  gas-lamp.  The  gases  evolved 
from  the  wood  will  escape  through  the  narrow  tube,  and  on  being 
kindled  will  burn  with  a  luminous  flame.  As  has  been  already  ata,ted 
(S  67),  flame  is  caused  by  burning  gas. 

This  experiment,  as  well  as  Exps.  148, 161,  illustrates  the  principle 
of  the  manufacture  of  illuminating  gas.  Upon  the  large  scale,  bitumi- 
nous coal,  or  sometimes  dry  wood,  is  distilled  in  large  iron  or  clay 
tubes,  called  gas-retorts,  and  the  gas  evolved  ia  freed  fixim  tar  and 
other  offensive  impurities  by  processes  of  cooling  and  washing  with 
water,  and  by  passing  it  through  layers  of  lime  or  oxide  of  iron;  it  is 
then  collected  in  large  gas-holders,  from  which  it  is  pressed  through 
subterranean  pipes,  it  may  be  for  miles. 

380,  For  use  in  the  arts,  charcoal  is  prepared  by  both  the 
methods  above  indicated ;  it  is  manufactured  both  by  charring  or 
partisiUy  burning  wood  with  little  access  of  air,  and  by  methodi- 
cally distilling  wood  in  actual  retorts.  The  first  method  ia 
employed  in  countries  where  wood  is  abundant,  and  is  carried 
on  in  the  forest  itself,  Logs  of  wood  are  piled  up  into  a  lai-ge 
mound  or  stack  aAund  a  central  aperture,  which  subsequently 
serves  as  a  temporary  chimney,  and  also  for  the  introduction  of 
burning  substances  for  firing  the  heap.  The  finisheil  heap  is 
covered  with  chips,  leaves,  sods,  and  a  mixture  of  moistened 
earth  and  charcoal  dust,  a  number  of  apertures  being  left  open 


sd  by  Google 


298  PEEPAHiTIOS  OF  CHARCOAL. 

around  the  bottom  of  the  heap  for  the  adraission  of  air  and  the 
(escape  of  the  products  of  distillation  and  corabustion.  The  heap 
is  kindled  at  tbe  centre,  and  bums  during  several  weeks,  "When 
the  process  is  judged  to  be  complete,  all  the  openings  are  carefully 
stopped,  in  order  to  suffocate  the  fire,  and  the  heap  is  then  left  to 
itself  until  cold.  Kilns  constructed  of  brick  are  often  used  instead 
of  the  rude  heaps  here  described.  The  charcoal  retains  the  form 
of  the  wood — tho  shape  of  the  knots  and  the  annual  rings  of  the 
wood  being  still  perceptible  in  it, — but  it  occupies  a  much  smaller 
rolume  than  the  wood ;  generally  its  bulk  does  not  amount  te 
more  than  three-fourths  of  that  of  the  wood,  and  its  weight  never 
exceeds  one-fourth  the  weight  of  the  wood. 

Where  charcoal  is  prepared  by  distilling  wood  in  retorts,  the 
liquid  products  of  distillation,  namely  tar  and  acetic  acid  ("  py- 
roligneous  acid"),  are  saved  and  utilized. 

381.  LamiMack. — Usually  when  hydrogen  is  removed  from  a 
gaseous  compound  of  carbon  and  hydrogen,  the  carbon  separates 
in  the  form  of  soft  flakes,  called  lampblack  or  soot.  lu  Experi- 
ment 60,  we  have  already  seen  that  lampblack  is  formed  when 
hydrogen  is  removed  from  carburetted  hydrogen  by  means  of 
chlorine,  and  we  know  well  that  oxygen  is  capable  of  producing 
the  same  result.  Hydrogen  is  more  combustible  in  oxygen  than 
carbon;  hence  if  earburcttcd  bydi'ogen  be  mixed  with  only  enough 
oxygen  to  consume  its  hydrogen,  and  the  mixture  be  then  inflamed, 
the  carbon  contained  in  it  will  be  set  free.  This  is  the  way  in 
which  lampblack  is  commonly  formed  ;  a  lamp  "  smokes  "  when 
the  supply  of  air  is  insufficient  to  furnish  xj  nt  b  th  the  ca 
bon  and  the  hydrogen  of  the  oil  or  othe     oml     t  ble 

Upon  the  large  scale,  lampblack  is  n  a  ufa  tured  by  h  at  n 
organic  matters,  such  as  tar,  rosin,  or  j  k  ts  wh  h  eonta  n 
volatile  ingredients  very  rich  in  carbon  unt  1  vai  s  a  e  d  n 
gaged,  and  then  burning  these  vapors  in  a  cnr  e  t  f  r  n  ufii  t 
for  their  complete  combustion,  A  dark-red,  very  smoky  flame  is 
thus  obtained  ;  a  large  portion  of  the  carbon  of  the  combustible 
does  not  burn,  but  is  deposited  as  a  very  fine  powder  precisely 
similar  tc  that  which  constitutes  the  black  portion  of  c 
smoke.  Lampblack  finds  important  applications  in  the  arts  a: 
pigment  and  as  the  chief  ingredient  of  printei's'  ink. 
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Exp.  163. — Fill  an  ordinary  spirit-lMnp  (Appendix,  5  6)  with  oil  of 
turpentine,  light  the  wick  and  place  ovei'  it  an  inverted  wide-moutlied 
bottle  of  the  capacity  of  a  liti'e  or  more,  one  edge  of  the  mouth  of  tie 
bottle  being  propped  up  on  a  amall  block  of  wood,  so  tbat  some  air 
may  enter  the  bottle.  As  the  supply  of  air  is  insufficient  for  the  per- 
fect combustion  of  the  oil  of  turpentine,  a  quantity  of  lampblack  will 
separate  and  be  deposited  upon  the  sides  of  the  bottle. 

Hydrogen  kindles  at  a  lower  temperature  tlian  carbon  ;  hence 
if  the  flame  of  a  burning  compound  of  carbon  and  hydrogen  be 
cooled  down  below  the  temperature  at  which  carbon  takes  fire, 
lampblack  will  be  formed,  even  if  there  be  present  an  abundant 
supply  of  air. 

Exp.  154 — I'ress  down  npon  the  flame  of  an  oil-lamp  or  candle  an 
iron  spoon  or  a  porcelain  plate  in  euch  manner  that  the  flame  shall  be 
almost,  but  not  quite,  extinguished.  The  solid  body  not  only  obstructs 
the  draught  of  air,  and  thereby  interferes  with  the  act  of  combustion, 
but  it  also  cools  the  flame  by  actually  conducting  away  part  of  ita 
heat;  the  temperature  is  thus  reduced  to  below  the  kindling- point 
of  carbon,  and  a  quantity  of  lampblack  remains  nnconsumed  and  ad- 
hering to  the  spoon  or  plate.  This  experiment  is,  of  course,  compa- 
rable with  Esps.  133,  136,  in  which  spots  of  arsenic  and  antimony 
were  obtained  upon  poroelMu,  as  products  of  the  incomplete  comhiis- 
tion  of  their  componnds  with  hydrogen.  As  has  been  stated  in  §  377, 
lampblack  thus  prepared  usually  contains  a  certain  small  proportion 
of  hydi'ogen  componnds. 

38^.  Charcoal  is  altogether  insoluble  in  water ;  it  is  odorless 
and  tasteless.  Unlike  the  diamond,  it  is  a  good  conductor  of  elec- 
tricity, but  a  bad  conductor  of  heat,  particularly  when  in  the  state 
of  powder.  It  is  a  better  conductor  of  heat  in  proportion  es  it  is 
denser  ;  when  strongly  heated  out  of  contact  with  the  air  it  be- 
comes heavier,  harder,  and  closer  in  texture  than  common  char- 
coal, and  less  easily  combustible,  but  a  far  better  conductor  of 
heat  and  of  electricity  than  before.  The  pieces  of  charcoal,  for 
example,  which  sometimes  fall  nnconsumed  from  the  bottoms  of 
smelting  furnaces,  after  having  passed  through  a  long  column  of 
intensely  heated  fuel,  are  found  to  be  peculiarly  compact  and 
close-grained,  and  to  conduct  heat  with  comparative  facility. 

As  has  been  seen  in  §  376,  the  combustibility  of  a  fuel  is 
diminished  in  proportion  as  the  fuel  is  a  good  conductor  of  heat ; 
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and  since,  as  has  jast  been  stated,  charcoal  conducts  heat  the 
mote  readily  in  proportion  as  it  is  denser,  it  follows  that,  other 
things  heing  equal,  a  given  sample  of  charcoal  will  take  fire 
more  quickly  if  it  be  light  than  if  heavy.  It  will  appear,  more- 
over, from  the  foregoing  that  the  combustibility  of  charcoal  should 
be  less,  according  as  the  temperature  at  which  the  charcoal  pre- 
pared is  higher.  If,  for  example,  linen  or  cotton  rags  be  carbo- 
nized at  low  temperatures,  there  will  be  jbtamed  a  vtry  liJiht 
varietyofcharcDil,  called  tinder,  which  takes  fire  with  especial 
ease.  So,  too,  a  VLiy  light  and  easily  inftammable  charcitl  is 
prepared  for  the  miaufacture  of  gunpowder  bv  distillin^'  light 
woods,  such  as  willow  and  alder,  at  low  tompeiatuie,  "Wood 
charcoal  takes  fare  easily,  as  compired  with  coke ,  coke  as  com- 
pared with  anthracite,  and  anthracite  as  compared  with  gas-car- 
bon. But,  inversely,  when  the  charcoal  has  once  been  thoroughly 
lighted,  the  intensity  of  the  heat  obtained  from  a  fire  of  it  will  be 
greater  in  proportion  as  the  charcoal  is  more  dense.  As  has  been 
already  stated  (§  !573),  a  better  fire  can  be  obtained  by  burning 
^-carbon  than  can  be  had  from  coke  or  charcoal ;  for  in  any 
given  space,  if  the  supply  of  air  be  ample,  more  of  the  dense  than 
of  the  light  fuel  can,  of  course,  be  burned  in  a  ^ven  time.  The 
specific  gravity  of  cbarcoalis  about  1-6  ;  but  an  ordinary  fragment 
of  it  readily  floats  upon  water,  owing  to  the  air  within  its  pores  ; 
if  this  air  be  removed,  as  when  the  fragment  is  powdered,  the 
charcoal  will  sink  at  once.  (See  Exp.  159.).  It  is  infusible  and 
non-volatUe. 

383.  In  all  its  varieties,  charcoal  is  a  very  important  chemical 
agent,  chiefly  because  of  the  readiness  and  cnei^  with  which  it 
combines  with  oxygen  at  high  temperatures.  Most  of  the  com- 
mon processes  for  extracting  the  useful  metals  from  their  ores  ore 
based  upon  the  afUnity  of  carbon  for  osygen. 

Exp.  155,— Mix  five  grammes  of  lithai^e  (oxide  of  lead)  with  a  quar- 
ter of  a  gramme  of  powdered  chaicoal ;  place  a  portion  of  the  mixture 
in  an  ignition-tuba  made  of  No.  3  glass,  and  heat  it  strongly  in  the 
gas-lamp.  The  charcoal  will  unite  with  the  oxygen  of  the  oxide  of 
lead,  and  the  compound  thus  formed  will  escape  in  the  form  of  gas, 
while  metalUc  lead  will  remain  in  the  tube. 

This  experiment  is  analogous  to  Exp.  124,  where  aiscnious  acid 
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was  reduced  by  means  of  charcoal.  Both  experiments  are  typical 
of  the  manner  in  whiot  hot  eharooal  acts  upon  metallie  oxides. 
At  a  white  heat  it  removes  oxygen  from  its  combinations  wilh 
Bome  elements  which  hold  it  with  great  force,  such  as  the  oxidea 
of  sodium  and  potassium  aad  phosphoric  add.  Even  water  is 
decomposed,  with  liheration  of  hydrogen,  when  brought  into  con- 
tact with  red-hot  charcoal. 

Exp.  166.— Fill  a  piece  of  iron  gaa-pipe,  about  35  cm.  long  and  1  c.ro. 
or  more  in  internal  diameter,  with  fragmeatg  of  charcoal ;  adapt  to  it 
a  delivery-tube,  as  represented  in  Fig.  52,  and  support  it  upon  a  ring 
of  the  iron  stand  over  one  or  two  wire-gauze  gas-lamps.    Attach  to 

Fig.  52. 


IT' 


the  otter  end  of  the  t  ibe  a  tli  n  bottomed  glass  flask  half  full  of  water 
and  supported  upon  the  nng  ot  aaecond  iron  stand.  I.iglit  the  lamps 
beneath  the  tube  full  of  charcoal,  and  wwt  until  it  has  become  red-hot, 
then  heat  the  water  in  the  flask  and  cause  it  to  boil  slowly.  The 
steam  will  react  upon  the  hot  carbon  in  a  manner  which  may  be  for- 
mulated as  follows : — 

0  +  H,0  =  CO  -I-  2H, 
and  there  will  be  formed  a  mixture  of  a  compound  of  oxygen  and  car- 
bon called  carbonic  oxide,  and  free  hydrogen.     Collect  tlie  mixed  gas 
in  bottles  upon  the  water-pan  and  test  it  as  regards  its  inflammability 
by  applying  a  lighted  match. 

A  certain  quantity  of  water  may  even  be  decomposed  by  thrusting 
pieces  ofbrightly  glowing  charcoal  into  water.  If  the  experiment  be 
performed  beneath  aa  inverted  bottle  of  water  held  near  the  surface 
of  the  water-pan,  a  quantity  of  gas  large  enough  to  be  inflamed  can 
readily  be  obtained. 

Ataredheat  charcoal  deoxidizes  bodies  which  are  rich  in  oxy- 
gen BO  readily  that  there  occurs  a  peculiarly  rapid  and  sparkling 
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combustion  known  as  deflagration.  Deflagration  differs  from  ex- 
plosion only  ill  degree  ;  it  is  less  violent  ttan  explosion,  because 
tiie  combustion  is  leas  rapid. 

Sxp.  167.^Mix  10  grms.  of  nitrate  of  pota9sium  and  6  grms.  of  re- 
centlj'  ignited  cliarcoal,  both  in  fine  powder;  place  the  mixture  upon 
a  brick,  in  a  current  of  air,  or  in  any  place  where  the  volatile  products 
of  the  reaction  can  occasion  no  inconvenience,  and  touch  it  with  a 
lighted  stick  or  red-hot  wire.  The  charcoal  mill  burn  violently,  with 
brilliant  scintillations,  at  the  expense  of  the  oxygen  contained  in  the 
nitrate  of  potassium. 

As  a  modification  of  this  experiment,  heat  acouplo  of  pieces  of  char- 
coal to  redness  in  the  Are  and  sprinkle  upon  the  one  a  small  quantity 
of  powdei'ed  nitrate  of  potassium,  and  upon  thaothera  little  powdered 
chlorate  of  potassium. 

384.  This  deoxidizing  power  of  cliarcoal,  above  illustrated,  is 
exhibited  only  at  high  temperatures.  At  the  ordinary  tempera- 
ture of  the  air,  the  chemical  energy  of  cbarcoal  is  exceedingly 
feeble.  Charcoal  is,  in  fact,  one  of  the  most  durable  of  substsTioes. 
Specimens  of  it  have  been  found  at  Pompeii  and  upon  Egyptian, 
mummies,  to  all  appearance  as  frosh  as  if  just  prepared  ;  the 
action  of  the  air  continued  through  centuries  has  exerted  no 
appreciable  influence  upon  it.  Experience  has  proved  that  many 
wooden  articles  which  are  to  be  placed  in  situations  peculiarly 
liable  to  cause  their  decay,  may  be  protected  by  charring  them 
superficially ;  the  carbonization  of  the  interior  of  casks  destined  to 
hold  liquids,  and  of  those  portions  of  wooden  posta  and  sills  which, 
are  to  be  sunk  in  the  ground,  or  to  remain  on  or  near  the  surface 
of  the  ground,  are  familiar  instances  of  this  custom. 

Not  only  is  charcoal  unacted  upon  by  air  or  water  at  the  ordi- 
nary temperature,  but  there  are  few  chemical  substances  which 
have  any  action  upon  it  unless  they  be  hot;  neither  the  neutral 
solvents,  such  as  alcohol  and  ether,  nor  corrosive  agents,  Bueh  as 
chlorine  or  fluorhydric  and  cMorhydric  acids,  attack  it  in  any 
way.  It  is  slowly  oxidized,  however,  by  nitric  acid,  and  rapidly 
by  perchloric  acid,  and  it  dissolves,  to  a  slight  extent,  in  cold 
concentrated  sulphuric  acid.  At  the  ordinary  temperature,  no 
one  of  the  elements  combines  with  it  directly ;  but  at  high  tem- 
peratures it  unites  directly,  not  only  with  oxygen,  as  we  know, 
but  with  sulphur  as  well,  forming  bisulphide  of  carbon  (C8J. 
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At  very  high  temperatures,  as  when  a  powerful  galvanic  battery 
Ls  discharged  from  carbon  point-i  immersed  in  an  atmosphere  of 
hydrogen,  carbon  combines  directly  with  hydrogen  also,  and  there 
is  formed  a  gas  called  acetylene  (C^^).  With  nitrogen  it  nnitea 
to  form  cyanogen  (CN)  when  a  current  of  nitrogen  gas  is  passed 
through  a  column  of  ignited  charcoal  which  has  previously  been 
charged  with  carbonate  of  potassium  by  soaking  it  in  a  solution 
of  this  salt ;  but  it  will  not  unite  with  nitrogen  without  the  inter- 
Tontion  of  the  alkaline  carbonate  or  of  some  other  substance. 
With  chlorine  and  the  other  members  of  the  chlorine  group  it 
does  not  unite  except  indirectly ;  but  with  several  of  the  metals  it 
unites  directly  to  form  badly  defined  compounds  called  carburets 
or  carbides.  Upon  the  chlorides  and  their  analogues  carbon  has 
no  action,  and  the  same  remark  is  true  of  some  refractory  oxides, 
such  as  silicic  acid  and  oxide  of  aluminum,  which  are  not  decom- 
posed by  charcoal,  even  at  a  white  heat ;  but  at  a  strong  red  heat 
it  reduces  most  of  the  sulphates  to  the  condition  of  sulphides  (for 
example— 

CaSO,  4-  2C  =  CaS  -|-  2C0J, 
and  the  nitrates,  chlorates,  and  perchlorates  to  the  state  of  car- 


2(K,0,N',0,)  +  50  =  2(K^0,C0J   +  SCO,  -f-  4N. 

385.  A  physical  property  of  charcoal,  which  is  of  great  prac- 
tical importance,  is  its  power  of  abs(a-bing  and  condensing  within 
its  pores  a  great  variety  of  gases  and  vapors ;  it  absorbs  coloring- 
matters  also,  and  various  other  substances  as  well,  abstracting 
them  from  solutions  in  which  they  are  contained, 

Erp.  158.— Take  from  the  fire  a  live  coal  (charcoal)  as  large  as  a 
hen's  ^,  extinguish  it  by  covering  it  up  tightly  in  a  small  metallic 
vessel  or  by  covering  it  with  sand,  and  wait  until  it  has  become  cold; 
weigh  it  carefully  upon  a  delicate  balance,  and  record  the  weight 
I'kce  theweighed  coal  in  such  a  situation  (in  a  damp  cellar,  for  example) 
that  it  shall  be  freely  exposed  to  moist  air  during  twenty-four  honre 
again  weigh  it,  and  note  the  increase.  Boxwood  charcoal  has  been 
found  to  increase  in  weight  14  per  cent,  in  the  course  of  a  single  day, 
and  any  ordinary  charcoal  will  usually  increase  in  weight  from  10  to 
13  per  cent. 

Krp.  159.— Talie  from  the  fire,  as  before,  a  piece  of  charcoal  which 
has  been  heated  to  full  redness  for  sometime;  thrust  it  under  water,  so 
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that  it  may  be  suddenly  cooled,  and  observe  that  it  aints  in  the  water 
and  that  few  or  no  bubbles  of  gas  escape  from  its  pores. 

Take  another  piece  of  charcflfil  which  has  long  been  exposed  to  the 
air  and  has  not  recently  been  heated,  sttnch  to  it  a  ijimntity  of  sheet 
lead  sufficient  to  sink  it  in  water,  and  immerse  the  whole  in  a  lai^e 
beaker  glass  two-thirda  ftill  of  hot  water.  The  mobile  water  will  im- 
mediately enter  the  porea  of  the  charcoal,  and  a  portion  of  the  air 
wMeh  had  previously  been  absorbed  by  these  pores  will  be  driven  out, 
and  can  be  seen  escaping  in  bubbles  through  the  water,  chiefly  from 
the  broken  ends  of  the  coai. 

In  a  similar  way,  if  a  piece  of  old  charcoal  he  placed  in  a  bottle  full 
of  water  standing  iaverted  upon  the  water-pan,  a  quantity  of  air  will 
gradually  be  e:ipelled  from  it  as  the  water  enters  its  pores,  and  will  col- 
lect at  the  top  of  the  bottle. 

The  air  can  at  any  time  be  quickly  removed  by  sinking  a  piece  of 
the  charcoal,  by  means  of  lead,  in  water  of  the  ordinary  temperature, 
placing  the  vessel  which  contains  the  water  unJer  the  receiver  of  an 
air-pump  and  pumping  out  the  air  from  this  receiver;  as  the  pressure 
of  the  atmosphere  is  removed  from  the  surface  of  the  water  a  multi- 
tude of  hubbies  of  air  will  be  seen  to  issue  from  the  pores  of  the  coal. 

To  the  presence  of  air  and  aqueous  vapor,  which  has  been  thus 
absorbed,  is  to  be  attributed  the  snapping  and  crackling  of  old 
Lharcoal  when  it  is  thrown  upon  a  hot  fire.  Charcoal  which  has 
been  recently  made,  and  which  has  not  yet  absorbed  air  and 
moisture,  does  not  thus  snap  and  crackle ;  moreover  it  kindles 
much  more  easily  than  charcoal  which  has  long  been  exposed  ts 
the  air  ;  for  from  the  latter  a  quantity  of  gas  and  vapor  mrst  be 
expanded  and  driven  out  before  the  coal  can  ignite,  and  this  ex- 
pansion, being,  of  course,  attended  with  absorption  of  heat,  keeps 
down  the  temperature  of  the  coal  below  the  kindling-point. 

It  is  not  necessary  that  charcoal  be  freshly  made  or  recently 
heated,  in  order  that  it  may  kindle  readily,  if  only  it  has  been 
kept  m  closed  vessels,  and  thus  prevented  from  absorbing  mois- 
ture. In  the  laboratory  it  is  well  to  throw  the  remnants  of 
charcoal  fires  into  an  iron  kettle,  furnished  with  a  tightly  fitting 
cover,  in  order  to  have  always  a  store  of  easily  inflammable  coal 
for  starting  new  fires  in  small  hand- furnaces, 

Tho  absorptive  power  of  charcoal  for  gases  can  readily  be  shown 
directly  by  placing  recently  ignited  charcoal  in  a  small  confined 
volume  of  almost  any  gas. 
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E^p,  ]60.— Fill  a  glass  cylinder  of  200  or  300  c.  c  capacity  with 
drj-  Bulphurous  acid  gaa  (Ejp.  80),  over  the  mercury  trough ;  take 
from  the  fire  a  red-hot  piece  of  charcoal  as  large  as  can  be  introduced 
into  the  moulh  of  the  cylinder;  thrust  it  beneath  the  surface  of  the 
mercury  and  hold  it  there  for  a  moment,  in  order  that  it  may  be  ex- 
tinguished, then  pass  it  up  into  the  jar  of  sulphurous  acid.  Mercury 
will  rise  in  the  cylinder  in  proportion  as  the  gaa  is  absorbed,  and  will 
soon  completely  BE  it. 

386.  As  one  result  of  the  enormous  condensation  to  ■which, 
gases  are  subjected  when  thus  absorbed  by  coa],  heat  is  neces- 
sarily developed ;  the  temperature  of  the  charcoal  rises  as  the  gaa 
is  condensed  in  it,  and  to  such  an  extent  that  heaps  of  recently 
ignited  finely  divided  charcoal  often  take  fire  on  being  exposed 
to  the  air. 

Different  gases  are  absorbed  by  charcoal  in  very  different  pro- 
portions. It  has  been  found,  by  expeiiment,  that  one  cubic  cen- 
timetre of  dry,  compact  charcoal,  such  as  that  from  boxwood,  will 
absorb  in  the  course  of  twenty-four  hours: — 


c.  e.  of  Ammonia  gas. 

S6e.c 

ofOlefiantgas. 

„     „  Chlorhydric  acid  gas. 

9'4  „ 

„  Carbonic  oxide. 

9-3  „ 

„  Osvgen. 

„    „  Sulphydric  acid  gas. 

7'5  „ 

„  m;,.s.„. 

„     „  Nitrous  oxide  gaa. 

60  „ 

„  Marsh  gas. 

„    „  Carbonic  acid  gas. 

1'8  „ 

„  Hydrogen, 

85 

As  one  consequence  of  this  diversity  of  aisorbing- power,  it 
follows  that,  from  a  mixture  of  several  gases,  chareoal  can  remove 
some  gases  more  readily  than  others.  Thus,  when  recently  igni- 
ted charcoal,  which  has  been  cooled  under  mercury,  as  in  the  pre- 
ceding experiment,  is  passed  up  into,  a  jar  of  common  air,  it 
absorbs  the  oxygen  more  rapidly  than  the  nitrogen.  But,  on  the 
other  hand,  it  is  found  that,  after  the  charcoal  has  become  satu- 
rated with  one  kind  of  gas,  it  can  still  take  up  a  certain  quantity 
of  any  other  gas  which  may  be  presented  to  it. 

387.  This  power  possessed  by  charcoal  of  absorbing  gasea  is 
evidently  a  particular  case  of  the  physical  force  called  adhesion 
or  capillary  attraction,  whose  manifestations  are  familiar  to  na 
in  the  drinking  up  of  water  by  a  sponge,  or  of  oil  by  a  lamp- 
wick.     If  the  chareoal  be  moistened  with  water  (that  is  to  say. 
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if  its  pores  be  cIoRged  by  the  intoqiosition  of  a  liquid),  its  ab- 
sorbing-power for  gases  will  be  lai^olj-  diminished. 

This  subject  is  chiefly  interesting  to  chemists  heeaiise  of  its 
intimate  connexion  with  the  power  of  causing  vaiious  gases  to 
combine  with  one  another,  which  is  possessed  by  charcoal  as  well 
as  by  finely  divided  platinnm  (§§  224,  240)  and  several  other  siib- 
stanees.  In  the  same  way  that  spongy  platinum  causes  hydrogen 
and  oxygen,  or  sulphurous  acid  and  oxygen,  to  unite  with  one 
another,  chemical  combination  ensues  when  mixtures  of  various 
gases  are  brought  into  eontafit  with  charcoal.  Though  tbe  ab- 
aorbont  power  of  platinum,  as  regards  gases,  can  hardly  be  com- 
pared with  that  of  charcoal,  its  power  of  causing  combination  is 
very  much  greater;  platinum  appears  to  possess,  moreover,  in  a 
marked  degree,  the  faculty  of  attracting  and  attaching  to  itself 
small  quantities  of  most  gases. 

Chareoal  can  be  made  more  efScient  as  an  agent  for  causing 
combination,  by  covering  it  with  a  film  of  platinum.  If  coarsely 
powdered  charcoal  be  thoroughly  impregnated  with  bichloride  of 
platinum  by  boiling  it  for  some  time  in  an  aqueous  solution  of 
this  salt,  and  if  it  be  then  heated  to  redness  in  a  close  crucible, 
in  order  that  the  platinum  salt  may  be  decomposed,  there  will  be 
left  a  residue  of  platinum  everywhere  attached  to  the  sides  of  the 
pores  of  the  coal.  Such  platinized  coal  is  very  effective,  both  as 
an  absorbent  of  gases  and  as  an  agent  for  producing  combination. 
But  even  by  itself  charcoal  has  a  very  decided  influence  upon  the 
combination  of  gases. 

If  recently  ignited  charcoal  be  allowed  to  become  charged  with 
dry  sulphydiic  acid  gas  and  then  introduced  into  an  atmosphere 
of  oxygen,  the  elements  of  the  sulphydric  aeid  will  combine  with 
the  oxygen  so  quickly  that  an  explosion  ensues,  and  both  water 
and  sulphurous  acid  are  produced. 

If  the  coal  chained  with  sulphydiic  acid  be  brought  into  contact 
with  air,  instead  of  pure  oxygen,  combination  will  occur  as  before, 
only  more  slowly ;  in  this  case,  however,  the  hydrogen  alone  will 
be  consumed,  the  sulphuv  of  the  sulphydric  acid  being  set  free  in 
the  solid  state. 

Charcoal  is  mnch  employed  as  a  disinfecting  agent.  It  is 
capable  ot  renaovinf  muBy  offensive  odors  from  the  air— such,  for 
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Bxampli)  as  the  fetid  products  ^ven  off  during  the  pntref action 
of  animal  and  vegetable  substances.  Animal  matter  in  an  ad- 
vanced stage  of  putrefaction  loses  all  offensive  odor  when  covered 
with  a  layer  of  charcoal ;  and  the  fiesh  of  a  dead  animal  -buried 
heneath  a  thin  layer  of  charcoal  will  gradually  waste  away  and 
he  consumed  without  exhaUng  any  unpleasant  smell. 

Exp.  161. — Place  a  small  quantity  of  powdered  charcoal  in  a  bottle 
containing  sulphydric  acid  gas  and  shake  the  bottle.  The  odor  of  the 
sulphjdric  acid  will  quickly  disappear.  In  the  aame  way,  an  aqueous 
solution  of  aulphydric  acid  (Exp.  86)  can  be  deodorized  by  filtering  it 
throug-h  a  layer  of  charcoal. 

Exp.  162. — In  a  shallow  open  basket,  or  in  a  box  through  the  bot- 
tom of  which  numerous  holes  have  been  bored,  spread  a  layer  of 
coarsely  powdered  boneblack  about  5  cm.  thick,  placing  a  sheet  of 
filtering-paper  below,  if  need  be,  to  prevent  the  powder  from  sifting 
through  the  holes  in  the  bos.  Place  thehody  of  arat  orof  someother 
small  animal  upon  the  layer  of  honehlaok,  and  pour  on  more  hone- 
black  until  the  rat  is  coierpdwith  a  Kjer  of  it  about  Bern  deep. 
Hang  up  the  basket  or  ho\.  n  a  warm  room  «o  that  air  maj  haie  free 
aicss  to  it  and  leave  t  at  rest  itter  the  lapse  of  several  weeks 
it  will  be  fo  md  on  p\an  nation  that  all  the  putrccible  porti  i  s  of 
the  anin  A  ha\e  di  appear  d  and  that  nothm„  is  left  but  a  mass 
of  hair  and  hones  hut  n  the  intenm  no  od  r  will  have  been  de- 
tected aris  ng  from  the  decomposing  ammal  excepting  a  faint  odor 
of  ammonia. 

In  tl  e  same  way  water  can  be  preserved  untainted  in  casks  which 
have  been  tharred  intpmiUv  and  the  q  iilitv  ot  some  kinds  of  wine  is 
improi  ed  if  it  be  stored  in  such  casks. 

In  all  these  oases  the  use  of  charcoal  as  a  disinfectant  depends 
not  merely  npon  its  mechanical  ability  to  absorb  offensive  gases, 
but  also  and  mainly  upon  the  fact  that  the  ahaoi'hed  gases  are 
chemically  destroyed  within  the  pores  of  the  coal  by  the  oxygen 
which  is  sucked  into  these  spaces  from  the  air.  The  purifying 
action  depends  upon  oxidation,  upon  the  burning  np  of  the  offen- 
sive gases  as  fast  as  they  are  formed.  The  charcoal  is  in  no  sense 
an  antiseptic,  or  preservative  agent  proper  to  prevent  decay  ;  on 
the  contrary,  it  actually  hastens  the  destruction  of  pntrescible 
organic  matters.  Under  ordinary  circumstances,  while  in  eon- 
tact  with  the  air,  the  pores  of  charcoal  are,  of  course,  always 
charged  with  oxygen  by  virtue  of  their  absorptive  power.  When- 
x2 
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ever,  therefore,  any  new  gas  is  dragged  in,  and  forced  into  inti- 
mate contact  with  this  oxygen,  it  is  precisely  as  if  the  gas  had 
heen  carefully  collected  and  then  subjected  to  the  action  of  some 
corrosive  chemical  agent.  A  great  merit  of  charcoal  as  a  disin- 
fectant is,  that  it  constantly  draws  in  to  destruction  the  offensive 
matters  around  it ;  pans  of  charcoal  placed  about  a  room  (the 
wards  of  a  hospital,  for  esample)  the  air  of  which  is  offensive, 
soon  remove  the  unpleasant  smell.  Sieves  of  charcoal,  placed 
across  the  air- vents  of  sewers  in  such,  manner  that  the  out-going 
air  may  be  Altered  through  the  charcoal,  are  found  to  be  most 
efficient  instruments  for  de5tro3ring  the  noxious  cfSuvia  which 
commonly  escape  from  these  openings.  In  this  case,  where  a 
current  of  air  is  constantly  passing  through  the  charcoal  filter, 
the  latter  will  preserve  its  efficiency  for  an  indefinite  length  of 
time,  if  only  it  be  kept  dry ;  for  the  action  of  the  coal  consists 
merely  in  bringing  about  oxidation  and  destruction  of  the  offen- 
sive gases  of  the  sewer,  and  as  fast  as  one  portion  of  these  is  con- 
sumed a  new  portion  can  be  taten  in  to  destruction. 

388.  Charcoal  not  only  destroys  odors,  but  it  removes  colors 
as  well ;  and  for  this  purpose  it  has  Ion";  been  employed  in  the 
purification  of  sugar  and  of  many  chemical  and  pharmaceutical 
preparations.  Almost  any  coloring- matter  can  be  removed  from 
a  solution  by  filtering  the  liquid  through  a  layer  of  charcoal. 

j&y,  lft3.— Provide  four  small  bottles  of  the  capacity  of  100  or  200 
c.  C.,  and  place  in  each  of  them  a  table-spoonful  of  boneblack  {5  389) ; 
into  the  first  botUe  pour  a  quantity  of  tlie  blue  compound  of  iodine 
and  starch  obtained  in  Exp.  69,  into  the  second  a  decoction  of  cochi- 
neal, into  the  third  a  diluted  portion  of  the  blue  liquor  obtained  by 
dissolving  indigo  in  Nordhausen  sulphuric  acid,  and  into  the  fourth  a 
solution  of  permanganate  of  potassium,  enough  of  the  solution  being 
taken  in  each  instance  to  nearly  flC  the  bottle,  Cork  the  bottles  and 
shnke  them  violently,  then  pour  the  contents  of  each  upon  a  filter  (sea 
Appendix,  5  14), and  observe  that  tlie  filtrate  is  in  each  instance  color- 
less or  nearly  so.  In  case  the  first  portions  of  the  filtrate  happen  to 
come  through  colored,  they  may  be  poured  back  upon  the  filter  and 
allowed  to  agMn  pass  through  the  coal. 

In  the  purification  of  brown  sugar  the  coloring-matters  are  removed 
in  a  manner  Mmilar  to  the  foregoing,  the  colored  syrup  being  filteriid 
through  layers  of  boneblack.  Many  ciystallizable  organic  acids  and 
alkaloids  are  purified  in  the  same  way  in  the  chemical  laboratory.  But 


sd  by  Google 


CHAECOAL  EBMOTES  COLORS,  309 

it  muat  never  be  forgotten  that  charcoal  can  absorb  many  other  sub- 
sttmces  besides  coloring'-mattera ;  sulphate  of  quinine,  for  example, 
is  removed  from  its  solutions,  to  a  very  considerable  extent,  by  char- 
coal; ftnd  the  same  rainark  applies,  with  perhaps  still  more  force,  to 
strychuine.  The  bitter  principls  of  the  hop,  "  lupulin,"  may  be  en- 
tirely removed  from  ale  bj  filtering:  the  latter  through  bone-black. 
The  removal  of  metals,  like  gold  and  silver,  from  their  dilute  solutions, 
bj  means  of  charcoal,  appeiis  to  be  a  phentmentn  f  the  same  ordtr 
In  ill  these  caaes  whtie  coloring  matters,  and  the  hke,  aio  re 
moieii  from  solutions  tht  actun  of  the  coal  ippeara  to  depend 
m  the  mjin  directly  ujon  the  phjsical  property  of  idliesion,  the 
siib'iLquent  oxiduing  actiou  bemg  here  fai  less  cleaily  maiked 
than  in  the  instinces  prevuusly  studied  {§  S'^7)  whtro  gises  ire 
acted  upon  Mu  h  of  the  ab&oibed  color  or  other  matter  will 
u-^ually  be  1  und  attached  to  the  surfaces  of  the  coal  undccom 
pjsed  and  unaltered  Thus,  it  the  coal  which  has  beiii  chirged 
with  a  solution  of  mdigo  in  aulphuiic  acid,  m  Exp  lb3,  be 
digtsted  m  a  solution  of  caustic  SDdt,  the  latter  will  dissolve  the 
indi^o  ind  remove  it  trom  the  coal  the  alkaloils  abjve  men 
tinned,  wh  ch  hi\c  bctn  removed  from  their  aqueous  solutions  by 
means  of  charcoal,  can  be  again  recovered  by  boiling  the  coal  in 
alcohol ;  and  the  metals  can  be  dissolved  again  by  means  of  strong 

When  employed  to  remove  coloring-matters,  charcoal  soon  he- 
comes  satarated  with  the  color  and  ceases  to  absorb  any  more  of 
it ;  if  the  spent  coal  be  then  collected  and  redistilled,  it  will  be 
found  that  it  has  regained  but  little  of  its  decolorizing- power ;  for 
its  pores  are  filled  with  charcoal  resulting  from  the  carbonization 
of  the  absorbed  coloring- matters  and  this  charcoal  is  not  porous, 
but,  on  the  contrary,  compact  and  glistening,  like  the  charcoal 
obtained  from  sugar  or  glue,  and  is  almost  entirely  destitute  of 
decolorizing- power.  In  order  to  reviviiy  their  coal,  the  sugar- 
refiners  digest  it  in  chlorhydric  acid,  allow  it  to  ferment  in  order 
that  the  absorbed  matters  may  be  decomposed,  and,  finally,  after 
washing  and  drying,  subject  it  to  distillation. 

389.  Aa  obtained  from  different  sources,  charcoal  exhibits  very 
different  degrees  of  decolorizing-power ;  but  of  the  varieties  com- 
monly met  with  and  to  bo  procured  in  commerce,  boneblack  is 
the  moat  effloent.     Boneblack  is  prepared  for  the  use  of  sugar- 
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ri'finers  by  subjecting  bones  to  destructive  distillation  in  iron 
cylinders  and  carefnUy  cooling  the  charcoal  out  of  contact  with 
the  air. 

Exp.  164. — Repeat  Exp.  148,  p.  293,  but  instead  of  bituminous  coal, 
charge  the  ignition-tube  with  coarsely-powdered  bone.  Distil  as  long 
as  gas  is  evolved,  then  remove  the  delivery-tube  from  the  ivater,  plug 
it  by.  means  of  a  bit  of  caoutchouc  tube  and  a  glass  rod,  and  wait  until 
the  ignition-tube  is  cold,  before  opening  it  to  examine  the  boneblack. 

Dry  bones  oontmn  only  about  one-third  their  weight  of  organic 
matter,  neaily  66  per  cent,  of  them  conaisting  of  phosphate  of 
calcium,  in  the  interstices  of  which  the  annual  matter  is  distri- 
buted i  hence  it  happens  that  the  charcoal  obtained  by  distilling 
bones  is  in  an  exceedingly  porous  and  divided  condition.  The 
deeolorizing-power  of  bone-charcoal  may,  moreover,  be  increased 
by  digesting  it  in  dilute  chlorhydric  acid,  which  dissolves  out  a 
portion  of  the  phosphate  of  ealdum  and  leaves  the  charcoal  even 
more  porous  than  before. 

But  because  boneblack  is  most  commonly  employed  for  de- 
colorizing, it  must  not  therefore  be  inferred  that  it  is  the  most 
powerful  deeolorizer  of  the  several  varieties  of  charcoal.  A  more 
efficient  coal  can  easily  be  prepared  by  mixing  uitrogenized  organic 
matters,  such  aa  blood,  hoofs,  home,  or  scraps  of  leather,  with 
carbonate  of  potassium,  distilling  the  mixture,  and  finally  leaching 
the  prodnct  with  water.  Charcoal  of  peculiar  decolorizing-power 
may  be  prepared  by  igniting  a  mixture  of  4  parts  of  fresh  blood 
and  1  pai-t  of  carbonate  of  pot  tssmm  in  an  iron  crucible,  so  long 
as  vapors  are  evolved,  then  wa-^hmg  the  product  with  water  and 
boiling  it  with  chlorhydric  acid,  and  again  washing  drying,  and 
igniting  in  a  close  vessel.  A  solution  of  horn  filings  m  caustic 
potash,  evaporated  to  dryness  and  ignited,  also  yields  a  very 
effective  charcoal.  As  with  boneblack,  the  efficiency  of  this  coal 
prepared  with  caustic  or  carbonated  potash  appears  to  depend 
upon  the  minute  subdivision  of  its  particles  and  the  porosity  re- 
sulting from  the  mixture  of  the  inorganic  matter.  The  decolo- 
rizing-power  of  the  charcoal  obtained  from  vegetable  substances 
can  be  in  like  manner  increased  by  mixing  these  substances  with 
lime  or  clay  before  the  carbonization.  A  mixture  of  100  parts 
pipe-clay,  stirred  up  with  water  to  the  consistence  of  a  thin  paste. 
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20  parts  of  tar,  and  Sno  parts  of  powdered  bituminous  coal  yields  a 
charcoal  which  decolonzi^  ilniost  as  well  as  boneblaok  It  i% 
however,  no  very  easy  matter  to  determine  which,  of  a  niimlier 
of  varieties  of  charcoal,  is  the  most  powerful  deoolonzer,  since 
the  decolorizing-powei  diftii'i  with  the  nature  of  the  col  nng- 
matter  as  well  as  according  to  the  quahty  of  the  charcoal  It 
has  been  found,  for  example,  that  vt  ith 


EQUAL  WEIGHTS  OP  CHIHCUAL 
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.  Compounds  of  Oarhon  and  Hydrogen  are  exceedingly 
numerous.  There  are  many  different  series  of  them,  each  mem- 
ber of  either  of  these  series  differing  but  slightly  from  its  next 
neighbors  in  composition  and  properties.  But  all  these  substances 
are  commonly  classed  as  organic  compounds ;  they  constitute  a 
special  branch  of  chemical  science  called  oi^anic  chemistry,  and 
are  not  discussed  in  works  wbieh  treat  of  ail  the  elements  com- 
monly met  with,  without  special  reference  to  any  one.  This  sub- 
division of  the  general  subject  is  resorted  to  merely  for  convenience; 
there  k  no  inherent  reason  why  the  compounds  of  hydrogen  and 
carbon  should  not  be  studied  in  this  manual  as  well  as  the  com- 
pounds of  hydrogen  and  oxygen.  But  since  carbon  is  capable  of 
uniting  with  hydrogen,  oxygen,  or  nitrogen,  or  with  two  of  these 
elements,  or  with  all  three  of  them,  in  the  most  varied  propor- 
tions, there  are  formed  so  many  different  compounds,  that  it  has 
been  found  advantageous  to  study  them  by  themselves. 
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The  best  deflnition  of  the  so-called  organic  chemistry  which 
caa  be  given  to-day,  is,  that  it  is  the  Chemistry  of  the  Compounds 
of  Carbon.  The  department  of  organic  chemistry  has  grown  out 
of  ordinary  chemistry  solely  because  of  the  fact  that  the  com- 
pounds of  carbon  with  hydrogen,  oxygen,  and  nitrogen  ate  more 
numerous,  and  often  of  more  complex  composition,  than  the  com- 
pounds formed  hy  any  of  the  other  elements.  These  compounds 
f  a  h  n  with  hydrogen,  and  with  the  other  elements,  are  all 
1  tin  t  h  mioal  compounds  eenforroing  to  the  law  of  multiple- 
1     P  s  (§  76) ;  but  they  count  by  thousands,  and  the  mere 

um.    at    n  of  their  names  and  properties  would  fill  a  volume. 


391    A    examples 
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1        n    to  which  allusion  w 

as  just  now 

made,  the  following 
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Boils  at  °  a 

CH, 

Soils  at "  a 

Soils  at  °  C. 

CH, 

cA 

C,H, 

C„H,    .    .    80° 

c,n,  .  .  -30= 

c^n' 

.       5" 

O.H,    .     .  110= 

C.H„  .    .        0= 

c.h:„ 

.     85° 

CJ1-,   .    .  140° 

CjH„  .    .      30= 

"J^H.* 

C,Hij  .    .  170° 

C,H,.  .    .      60^ 

C,H,, 

;  95° 

C,H.,  .    .      90= 

C,H„ 

.  125= 

The  first  series  of  the  compounds  above  formulated  is  found 
in  petroleum,  and  in  the  oil  known  as  coal-oil,  obtained  by  distil- 
ling highly  bituminous  coals  and  shales  at  comparatively  low  tem- 
peratures ;  the  petroleum  used  for  lighting  contains  all  these 
ditferent  compounds,  together  with  othere  of  the  same  class. 
The  second  series  may  generally  be  obtained  by  the  destructive 
distillation  of  varions  oiganie  compounds ;  and  the  members  of 
the  third  series  are  found  in  the  most  volatile  portion  of  coal-tar 
— the  tar  obtained  by  distiUing  bituminous  coal  at  high  tempera- 
tures, as  in  the  manufacture  of  iUuminatiug  gas. 

It  will  he  observed  that  there  is  a  constant  difference  of  one 
atom  of  carbon  and  two  atoms  of  hydrogen  (CH^)  between  any 
two  contiguous  compounds  enumerated  in  the  hsts.  The  boiling- 
points  of  the  sevei-al  members  exhibit  a  constant  difference  of  30" 
for  each  increment  of  CH^,  as  we  go  down  the  lists,  bo  far  as  has 
been  determined ;  and  so  with  all  the  other  physical  properties, 
such  as  specific  gravity,  mobility,  expansibility  by  heat,  and  the 
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like;  the  intensity  of  theie  propeities  meieases  or  decreases  re- 
gularly, in  a  con  tint  latio  i  we  pass  from  one  roomber  of  tlie 
series  to  the  members  next  m  order  feifh  series  are  called 
"  homologous  series  (hiving  the  same  proportion) :  they  are 
clearly  anal  ^ous  to  the  groups  families  or  series  of  elements 
which  -\YS  have  ilready  studied  in  chlonne  bromine,  and  iodine 
(§152),  in  oxjgen  sulphur  i^lenium  and  tellurium  (§  257),  in 
nitrogen,  pho'iphortia  arieni  intimony  and  bismuth  (§  364),  and 
are  now  priceeding  t  stuly  in  carbon  boron,  and  silicon.  Just 
as  in  these  groups  of  elements  the  stud  nt  his  seen  a  true  serial 
arrangement  of  the  different  members  ind  has  observed  that  the 
different  terms  of  each  seiies  differ  from  one  another  in  atomic 
weight  and  exhibit  jiarallel  differences  in  the  intensity  of  their 
properties,  so  here  in  each  of  the  homologous  series  of  hydrocar- 
bons there  have  been  ob'ierved  similar  constint  differences.  In 
the  series  of  hydrocarbons  ■ne  knew  that  there  is  a  constant  dif- 
ference of  composition  of  CH^ ;  and  this  difference  of  composition 
we  believe  to  be  at  the  bottom  of  the  constant  difference  of  phy- 
sical properties ;  but  to  the  cause  of  the  constant  differences  in  the 
homologous  series  of  elements  we  have  as  yet  njclcw 

The  powei  ot  arranging  numerous  allied  compounds  into 
groups  or  series  like  those  enumerated  upon  pige  112  has  been 
of  great  seivice  to  chemj=ts  in  tacilitating  tne  studj  of  the  com- 
pounds of  carbon  Fir  every  such  series  i  general  algebra  c 
expression  has  b  en  devised  which  serves  as  the  name  of  the 
series.  Xike  any  olher  name  this  concise  expression  brings 
before  the  mmd  of  the  ehtmist  the  general  properties  of  the 
series.  Thus  the  expie  sion  C„H^.|.j  is  gi,neial  for  the  first 
series  above  mentioned  CJL^  lor  the  second  and  C„  ^  ^H^  for 
the  third. 

In  this  manu  1  we  shill  de  eiile  only  one  of  the  compounds  of 
carbon  and  hj  dio^en,  a  compound  which  occurs  rejdj  foimed  m 
nature. 

392.  Marsh-gas,  or  Light  Carhwetted  Hydrogen  (CH,),  is  a 
permanent  gas  which  constitutes  a  large  proportion  of  the  ordi- 
nary illuminating  gas  obtained  from  coal.  It  is  disengaged  in 
large  quantities  from  some  sorts  of  bituminous  coal,  even  at  the 
ordinary  temperature  of  the  air,  and  more  rapidly  at  higher  tem- 
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peratures.  In  coal  minea  the  gas  thus  given  off  is  known  as 
"  fire-damp  ;  "  bj  mixing  with  air,  in  the  galleries  of  hadly  ven- 
tjlatcd  mines,  it  forms  explosive  mixtures,  which  frequently  oeca- 
rion  frightful  accidents  when  ignited  through  carelessness. 

The  gas  is  evolved  also,  in  lai^e  quantities,  from  the  mud  at  the 
bottom  of  stagnant  pools  ;  it  is  one  of  the  products  of  the  putre- 
faction of  vegetable  matter  under  water,  where  tlio  supply  of  air 
is  insufficient  to  oxidize  the  matter  completely  to  carbonic  acid 
and  water;  hence  the  name  marsh-gas. 

In  hot  weather  marsh-gas  can  be  obtained  by  thrusting  a  pole  into 
the  mud  at  the  bottom  of  a  pond  and  collecting  the  bubbles  of  gas  as 
they  lise,  by  holding  over  them  an  inverted  bottle  full  of  water. 
When  the  bottle  has  been  tilled  with  gas  it  should  be  corked  tightly 
under  water,  and  carried  to  the  laboratory  for  examination.  The  gas 
thus  obtained  is  contaminated  with  nitrogen  and  with  a  large  quantity 
of  carbonic  acid,  these  gases  being  set  free,  together  with  marsh-gas, 
during  the  process  of  patrefaction.  Before  the  gas  thus  collected  will 
bum,  it  is  usually  found  necessary  to  remove  from  it  the  carbonic  acid ; 
tiiis  can  be  done  by  pouring  into  the  bottle  a  small  quantity  of  a  so- 
lution of  caustic  soda,  or  some  milk  of  lime,  closing  and  shalring  the 
bottle,  and  finally  removing  tho  stopper  under  water.  The  bottle  may 
then  be  placed  upright  and  a  lighted  match  applied  to  the  gas ;  it  will 
take  Are  and  burn  with  a  blue  flamo,  the  size  of  which  may  be  in- 
creased  by  pouring  water  into  the  bottle  so  that  the  gaa  shall  be  driven 
out  into  the  air. 

The  gas  may  be  prepared  artificially  as  follows  : — 

E3^.  185.  Mix  together  2  grrns.  of 
crystallized  acetate  of  sodium,4gnii8. 
of  caustic  soda,  and  8  grnis.  of  slaked 
lime.  Heat  the  mixture  gently  upon 
an  iron  plate,  until  all  the  water  of 
crystallization  of  the  acetate  has 
been  expelled  and  the  mass  has  he- 
come  d:y  and  friable.  Chai'ge  aa 
,  ignition-tube  20  cm.  long  with  the 
dry  powder,  heat  it  above  the  gas- 
iamp,and  collect  thegas  at  the  water- 
pan,  as  shown  in  Fig.  53.  Carbu- 
retted  hydrogen  is  evolved  from  the  mixture  at  a  temperature  below 
redness,  and  a  residue  of  carbonate  of  sodium  is  left  in  the  ignition- 
tube.    The  purpose  of  the  lime  is  to  render  the  mass  porous  and  in- 


Fig.  63. 
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fumble,  or  nearly  infusible,  so  that  the  tube  may  be  heated  eqiiably. 
If  caustic  soda  is  heated  with  the  acetate  without  addition  of  lime, 
the  tube  usually  breaiis,  even  when  the  mixture  has  been  dried  before- 
hand.   The  reaction  may  be  represented  as  follows  :— 

C^HjNaOj        +        NaHO        =        CH,        +        NajCO,. 
Di-y  Acetate  of  Hydrate  of  Marsh-Gas.  Oarbonate  of 


Sodmm.  ISodium.  ^narsn-t^as.  Sodium. 

393,  Marsh-gas  ia  transparent,  colorless,  and  little  more  than 
half  as  heavy  as  air.  Next  to  hydrogen  it  is  the  lightest  known 
substance,  its  specific  gravity  being  only  S.  It  takes  fire  readily 
when  touched  with  a  lighted  match,  but  is  nevertheless  more 
difficult  of  inflammation  than  most  of  the  other  combustible  com- 
pounds of  hydrogen.  While  free  hydrogen  and  enlphuretted 
hydrogen  can  be  lighted  hy  a  glass  rod  which  has  been  heated  to 
dull  redness,  the  rod  must  be  raised  to  the  temperature  of  bright 
redness,  or  even  to  a  white  heat,  in  order  that  it  may  kindle 
marsh-gas.  As  prepared  from  aoetats  of  potassium,  the  gas 
burns  with  a  pale  yellowish -blue  flame.  It  is  rather  more  solu- 
ble in  water  than  oxygen  ;  at  0°  one  volume  of  Tirater  dissolves 
O'OSo  volume  of  it.  It  has  never  been  condensed  to  the  liquid 
ooudition. 

394.  We  have,  thus  far,  observed  three  difi'erent  proportions 
in  which  the  other  elements  unite  with  hydrogen.  The  members 
of  the  ehlorino  group  unite  with  hydrogen,  by  preference,  in  the 
proportion  of  one  volume  to  one  volume ;  one  volume  of  any 
member  of  the  sulphur  group  combines,  by  preference,  with  two 
volumes  of  hydrogen ;  one  atom  of  any  member  of  the  nitrogen 
groTip  unites,  by  preference,  with  three  atoms  of  hydrogen.  The 
condensation  increases  in  direct  ratio  to  the  increasing  proportion 
of  hydrogen,  so  that,  in  every  case,  two  volumes  only  of  the  re- 
sultant compound  are  produced.  We  have  thus  become  familiar 
with  the  fact  that  the  space  occupied  by  the  molecule  of  a  com- 
pound gas  is  ajways  two  unit-volumes  (§  2.58).  An  examina- 
tion of  the  molecule  of  marsh-gas  will  reveal  a  fourth  kind  of 
hydrogen- com pound^a  compound  containing  in  the  product- 
volume  (§  260}  four  volumes  of  hydrogen  condensed.  It  is  not 
difficult  to  prove  experimentally  that  two  volumes  of  marsh-gas 
yield,  on  decomposition,  four  volumes  of  hydrogen ;  hut,  unfor- 
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tunately,  it  is  not  within  our  power  to  demonstrate,  hy  experi- 
ment, tie  volanie  of  carbon  with  which  these  four  voluraea  of  hy- 
drogen are  combined ;  for  carbon  is  a  solid  mcap-ible  of  vulatiliza- 
tion  by  the  intenaest  heat  at  present  at  our  command.  "We  are  able 
to  determine  the  combining  volume  of  each  constituent  of  chlor- 
hydric  acid,  steam,  and  ammonia ;  but  we  have  no  positive  know- 
ledge whatever  concerning  the  manner  in  whicb  carbon  enters 
into  combination  by  volume.  Its  combining  proportion  hjvieigJd 
can  be  ascertained ;  hut  it  must  be  carefully  observed  that  all 
views  respecting  the  volumetric  composition  of  the  very  numerous 
compounds  of  carbon  are  purely  speculative,  so  far  as  the  carbon 
is  concerned,  until  carbon  shall  have  been  actually  volatilized  and 
its  vapor  weighed. 

That  marsh-gas  really  contains  hydrogen  and  carbon  may  be 
readily  proved  by  bringing  into  play,  under  appropriate  condi- 
tions, the  strong  afttnity  of  chlorine  for  hydrogen.  Chlorine  will 
BOt  free  carbon  from  maish-gas,  just  as  it  liberates  nitrogen  from 
ammonia  (Exp.  64). 

Exp.  16C.— Fill  a  tall  bottle  of  the  capacity  of  250  or,  lietter,  500 
c.  e.  with  water,  invert  it  over  the  water-pan,  and  pass  marsh-gas  into 
it,  until  a  little  more  than  one-third  of  the  water  is  displaced ;  cover 
the  bottle  with  a  thick  towel  to  exclude  the  lij^ht,  and  then  fill  the 
rest  of  the  bottle  with  chlorine.  Cork  the  bottle  tightly,  and  shake  it 
vigorously,  in  order  to  mix  the  gases  together,  keeping  the  bottle 
always  covered  with  the  towel.  Finally,  open  the  bottle  and  apply  a 
light  to  the  mixture.  Ignition  takes  place,  chlorhydric  acid  ia  pro- 
duced, while  the  aides  and  mouth  of  the  bottle  become  coated  with 
solid  carbon  in  the  form  of  lampblack,  and  a  cloud  of  smoke  rises  into 
the  air.  The  presence  of  the  acid  may  he  proved  by  the  smell,  by  its 
reaction  with  moistened  Hue  litmus-paper,  and  by  the  wbite  fumes 
which  are  generated  when  a  rod  moistened  with  ammonia-water  is 
brought  into  contact  with  the  escaping  acid  gas. 

Carbon  and  bydrogen  are  therefore  elementary  constituents  of 
marsh-gas.  "Wc  should  be  glad  to  add  the  synthetical  to  the 
analytical  demonstration,  and  make  marsh-gas  out  of  carbon  and 
hydrogen  ;  but  no  means  are  at  present  knovm  by  which  these 
two  elements  can  be  directly  combined  to  form  marsh-gas.  As 
in  the  case  of  ammonia,  we  are  obliged  to  rely  upon  the  assu- 
rance of  the  balance  that  the  sum  of  the  weights  of  the  two  eon- 
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Btituojits  separated  from  agiven  quantity  of  marsh-gas  is  precisely 
equal  to  the  weight  of  the  marali-gas  aiibmittcd  to  analysis.  The 
experimental  process  by  which  this  fact  is  demonstrated  is  too 
complex  to  be  profitably  studied  at  this  stage  of  progress,  and. 
the  fact  must  therefore  bo  accepted  as  the  result  of  experience. 

395.  It  remains  to  show  how  the  iarestigatioa  of  tte  composi- 
tiott  of  the  product -volume  of  maish-gae  leads  to  the  knowledge 
of  the  atomic  weight,  or  least  combining  weight,  of  the  element 
cavhon.  Marsh-gas  is  the  compound  best  suited  for  ascertaining 
the  atomic  weight  of  carbon,  because  experience  has  proved  that 
it  contains  proportionally  less  carbon  than  any  other  hydride  of 
the  element.  We  determined  the  atomic  weight  of  oxygen  from 
steam,  the  hydrogen  compound  which  contains  the  smallest  pro- 
portion of  oxygen, — of  chlorine  from  chlorhydrio  acid,  the  only 
hydride  of  chlorine, — of  nitrogen  from  ammonia,  the  hydride  which 
contains  the  smallest  proportion  of  nitrogen.  So  the  atomic 
weight  of  carbon  is  the  weight  of  carbon  which  experiment  proves 
to  be  contained  in  two  unit-volumes  of  marsh -gas.  By  physical 
determinations,  the  specific  gi-avity  of  marsh-gas  has  been  shown 
to  be  8;  in  other  words,  one  unit- volume  of  marsh-gas  weighs  8; 
then  two  unit-volumes,  or  the  product- volume,  must  weigh  16. 
How  much  of  this  weight  of  16  is  hydrogen  ?  This  question  can 
be  answered  experimentally  by  ascertaining  how  many  unit- 
volumes  of  hydrogen  are  loclted  up  in  two' unit-volumes  of  maish- 
gas. 

When  a  series  of  electric  spiiks  higin  to  traverse  a  measured 
volume  of  marsh-gas  contained  m  a  TJ-tube,  arranged  like  the 
U-tube  of  figure  11,  but  withcut  the  jacket,  6  c,  and  its  accom- 
paniments, the  gas  is  found  to  expand,  md  m  a  few  minutes  a 
light  deposit  of  carbon  appears  m  the  vicinity  of  the  pointa  of 
the  platinum  wires.  The  decomposition  of  the  marsh-gas  pro- 
ceeds slowly;  so  that  a  considoraUe  time  is  required  for  the 
execution  of  the  experiment  If  the  mercury  in  the  U-tube  be 
finally  brought  to  a  level  m  the  two  hmbs,  it  will  be  seen  that 
the  original  volume  of  gas  h  is  very  nearly  doubled.  When  this 
point  is  once  attained,  the  continued  transmission  of  sparks  pro- 
duces no  further  iiici  ea=e  of  the  volume  of  the  gas.  The  expanded 
gas  may  he  shown  by  the  usual  tests  to  be  hydrogen. 
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This  experiment  ia  rather  difficult  to  perfonn,  and  does  not 
yield  perfectly  exact  results,  for  a  minute  portion  of  marsh-g^B 
escapes  decomposition ;  nevertlieless  it  establishes  beyond  rea- 
bunable  doubt  the  fact  that  marsh-gas  contains  twice  its  volume 
of  hydrogen.  Two  unit-volumes  of  marsh-gas,  weighing  16, 
must  therefore  eontain  four  unit-volumes  of  hydrogen ;  but  four 
■unit-volumes  of  hydrogen  weigh  4 ;  therefore  the  quantity  of 
carbon  contained  in  the  pro  duct- volume  of  marsh-gas  must  weigh 
12,  which  number  we  admit  aa  the  atomic  weight  of  carbon. 

But  it  may  be  said.  What  means  have  we  of  knowing  that  12 
represents  the  Past  combining  weight  of  carbon  ?  (for  the  atom  is 
by  definition  the  leant  quantity  of  an  element  which  can  be  con- 
ceived to  exist  in  combination),  If  it  were  possible  to  demon- 
stratethat  the  proportional  quantity  by  weight  of  carbon  which 
is  represented  by  the  number  12  is  just  the  quantity  required 
to  fill  one  unit-volume  when  converted  into  vapor,  we  should 
have  the  sjme  reason  for  believing  12  to  be  the  weight  of  one 
atom  of  carbon  that  we  have  for  considering  16  to  be  the  weight 
of  one  atom  of  osygen,  or  35  5  the  weight  of  one  atom  of  chlorine. 
As  we  cannot  convert  carbon  into  vapor  at  all,  it  is  impossible  to 
ascertain  with  certainty  how  many  atoms,  or  how  many  volumes, 
12  proportional  parts  by  weight  of  carbon  really  represent ;  tho 
quantity  of  carbon  which  is  combined  with  four  atoms  of  hydro- 
gen in  marsh-gas  may  be  four  atoms,  each  weighing  3,  or  two 
atoms,  each  weighing  6,  or  one  atom  weighing  12.  As  it  is 
necessary  to  assume  some  number  of  atoms  aa  represented  by  the 
proportional  weight  12,  that  assumption  which  will  conveniently 
formulate  the  simplest  and  most  familiar  compounds  of  carbon 
will  he  the  best.  Accordingly  it  has,  of  late,  been  assumed  that 
12  proportional  parts  by  weight  of  carbon  constitute  the  least 
quantity  of  this  element  which  is  conceived  to  ent«r  into  chemical 
combination,  or,  in  other  words,  that  the  atomic  weight  of  carbon 
ia  12.  The  atom  of  carbon,  thus  understood,  can  then  fix,  or  com- 
bine with,  four  atoms  of  hydrogen  or  of  any  member  of  the  chlo- 
rine group,  and  two  atoms  of  oxygen  or  of  any  other  member  of 
the  salphuT  group.  The  following  substances,  famibar  in  com- 
mon life,  or  subjects  of  discussion  in.  this  chapter,  may  be  men- 
tioned in  illustration  of  this  piinciple  : — 
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Marsh-gas    .    .    .    CH^  Carbonic  acid    .    .    .    CO, 

Chloroform  ,  .  .  CHCI3  Bisulphide  of  carbon  .  CS^ 
Chloride  of  cachon  CClj 
If  it  were  assumed  that  12  proportional  parts  by  weight,  the 
relative  quantity  of  carbon  in  each  of  the  above-mentioned  com- 
pounds, represeat  two  or  four  atoms  or  volumes  of  carbon,  instead 
of  one,  every  one  of  thefe  formulas  would  bei'ome  leas  simple. 
There  are  a  great  multitude  of  compounds  which  contain  a  lai^ier 
proportional  quantity  of  carbon  than  the  compounds  cited  above ; 
but  the  greater  proportional  quantity  is  always  some  multiple  of 
12  proportional  parts,  or,  in  other  words,  is  always  an  integral 
number  of  carbon  atoms  each  weighing  12. 

In  marsh-gas  we  have  thus  found  a  new  term  in  the  series  of 
hydrogen  compounds.  Marsli-gas  is  an  example  and  type  of  the 
hydrides  richest  in  hydrogen ;  so  far  as  wo  yet  know,  hydrogen 
does  not  form,  with  any  element  whatsoever,  any  componnd  . 
whereof  the  product -volumo  contains  more  than  four  atoms  of 
hydrogen  united  with  one  atom  of  the  other  element.  The  fol- 
lowing brief  table  comprehends  all  tlie  principal  types  of  hydro- 
gen compounds,  beginning  with  chlorbydric  acid,  the  poorest 
hydride,  and  passing  thiough  water  and  ammonia,  intermediate 
compounds,  to  marsh. -gas,  the  hydride  richest  in  hydrogen ; — 

Chlorhydric  acid HCl  =  2  volumes. 

Water 11/)  =  2        „ 

Ammonia ■    .  H,N  =  2       „ 

Marsh-gas II^^O  =  2        „ 

Each  of  these  types  of  hydrogen  compounds  characterizes  a  group 
of  chemical  elements.  The  first  type  is  characteristic  of  the  chlo- 
rine group ;  the  second,  of  the  sulphur  group ;  the  third,  of  the 
nitrogen  group ;  and  the  fourth,  of  the  group  which  we  shall  soon 
know  as  the  carbon  group. 

396.  The  compounds  of  carbon  and  hydrogen  are  of  great 
pi-aotioal  interest,  since  the  flamo  of  all  ordinary  lamps  and  fires 
results  from  their  combustion.  Any  allusion  to  their  properties 
at  once  suggests  the  influence  which  these  properties  exert;  in 
the  usual  methods  of  obtaining  light  and  heat,  and  necessitates  a 
more  complete  discussion  of  the  subjects  of  flame  and  combustion 
Uian  we  have  had  hitherto.     We  shall  recur  to  this  subject  in  a 
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sTiliaequent  section,  after  having  studied  the  oxides  of  carlion. 
For  the  elncidation  of  the  subject  of  eombusfion,  ordinary  illumi- 
nating gas,  which  is  ft  mixture  of  many  hydrides  of  carhon,  will 
eerre  as  well  as  any  pure  hydrocarbon,  A  brief  descriptioL  of 
this  product  may  here  be  given. 

About  94-]  OOfhs  of  the  volume  of  purified  coal-gas  consists  of 
a  mixture  of  marsh-gas,  free  hydrogen,  and  carbonic  oxide, — the 
marsh-gas  usually  amoiinting  to  about  one-third  part  of  the 
whole  gas.  These  non-luminous,  or  very  feebly  luminous  gases, 
serve  as  carriers  of  the  six  or  seven  per  cent,  of  real  light- 
producing  ingredients  which  are  contained  in  the  gas.  This 
mixture  of  liijht- giving  ingredients  is  exceedingly  complex.  The 
vapor  of  benzole  I'l,  no  doubt,  one  of  the  most  important  of  these 
ingredients.  Some  of  the  b^her  homologuo«  of  marsh-gas  lend 
their  aid;  and  a  hydrocarbon  of  composition  C^H^,  called  acety- 
lene, is  important  and  very  generally  present.  Sometimes  a  little 
olefiant  gas  (0,11 )  is  present  as  well  as  other  compounds  if  th 
same  homologous  «ii,nes  but  the  old  view  that  this  substance 
constitutes  the  chief  luminiterous  ingredient  of  coal  gas  is  no 
loifjer  admitted 

For  all  piactical  purposes  we  can  here  regard  this  mixture 
of  gases  as  carbuiettpd  hvdrogen  That  it  contains  h^diogen 
tan  tC'tdilvle  abjvn  bv  hDlding  i  cold  dry  bottle  over  a  burn 
mg  let  of  it  and  obsemng  that  water  is  a  product  of  the  com 
bustion  and  that  it  cent  ins  c  nbon  can  be  seen  by  hold  ng  m 
the  flan  c  a  piece  of  cold  porcelain  and  noting  the  depo  itiDn  of 
soot  Coal  gas  is  onlv  about  half  as  beav^  as  air  ^n  in  ny 
respects  it  resembl  s  h}drogen  and  mo't  of  the  expetin  nts 
which  were  performed  with  hydrogen  can  be  eintU}  or  nearly 
as  well  performed  with  this  gas  The  student  will  do  will  ti 
repeat  is  an  example  Exp  24  substituting  for  the  }i\lro^fn 
common  gas  drawn  from  the  street  mains  In  the  sime  way  he 
mav  repeat  E\p  29  mi'vmg  1  volume  of  coal  ^as  with  ti  m  S 
to  12  volumes  of  air  It  initead  of  coil  gaf  puie  1  ght  cat 
buretted  hjdtogen  be  take  the  explosion  will  be  mo^t  violent 
with  a  to  10  volume  ot  a  i  with  only  3  or  4  volumes  ot  a  r 
or  more  than  15  volumes  the  mixture  is  not  explosive  either 
too  much  or  too  bttle  air  pievents  the  explosion. 
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Compounds  of  Carbon  and  Oxygen. — There  are  two  of  these 
compouuds— oarbouic  acid  (COJ,  and  carbonic  oxide  (CO). 

397.  Ciii-bonic  Acid  (COJ  is  always  formed  when  carbon  or 
any  of  its  wmpoimds  is  burned  in  an  excess  of  air  or  of  oxygen 
gaa,  or  in  contact  with  f^ubstanees,  gaseous,  Ii(juid,  or  solid,  which 
are  rich  in  o.\ygen  and  yield  it  readily  to  other  bodies. 

£.rp.  167.— Place  a,  live  coal  (charcoal)  upon  a  deflBgrating--s' 
and  tlmist  it  into  a  bottle  full  of  air,  or,  better,  oxygen  gas ;  c 
bottle  closely,  and  set  it  aside  for  examination.  Or  invert 
an  empty  bottle  over  a  burning  lamp  or  caudle,  so  that  the 
products  of  the  combustion  of  the  lamp  may  be  received  in 
it;  the  bottle  will  immediately  become  clouded  upon  the 
inaide  from  deposition  of  water  resulting  from  the  combus- 
tion (see  5  oQj,  and  wiD  also  be  filled  with  carbonaceous 
and  other  gaseous  products,  simultaneously  formed.  Cover 
the  bottle  and  test  its  contents  in  the  manner  described  in 
the  succeeding  experiment. 

Erp.  168. — Pour  some  lime-water  (a  solutifn  of  eonmion  slated 
lime  in  water)  into  the  bottles  filled  with  gaseous  products  of  com- 
bustion in  Exp.  107,  and  ahaie  the  bottles.  The  liquid  will  become 
miliv  and  turbid  and  when  left  at  rest  will  deposit  a  white  powder 
(carbonate  of  c^lc  u  )  The  presence  of  carbon  c  ac  d  can  readily  be 
detected  by  n  cans  o  1  me  wa  e  s  nee  th  s  nsol  ble  pre  p  tate  of 
carbonate  of  calc  um  a  tornied  hen  the  two  sub  tances  are  brought 
t«      Icr 

Ihe  bottles  of  gas  ol  ta  ned  n  Exp  167  w  U  of  course  coa 
ta  n  bes  des  arb  n  c  a  d  a  qu  nt  ty  of  n  t  o  en  de  ed  f  om 
the  a  r  wh  h  took  part  in  the  ombust  on,  nnle  s  qdeed  is  was 
Bug  c  t  d  the  charcoal  be  burned  in  pure  oxyge  It  is  to  be 
observed  that  n  all  ord  na  j  cases  of  eoml  t  on  whether  of 
wood  oal  W1X  or  0  1  the  e  result  the  e  same  gis  ol  s  p  odn  t 
—  irbon  c  ae  d  and  n  trogen  thev  ascend  aa  nvis  ble  a  al 
current  from  e  e  \  well  regulated  flame  or  tire  an  1  are  con 
t  nu  lly  u  ng  from  tl  cl  n  eys  f  o  r  h  uaes  though  n  the 
absence  of  the  pirt  eles  of  sob!  arb  n  or  of  onlensed  aq  eo  s 
Tapor  wh  h  const  tute  smoke  we  can  see  no  product  of  the 
combustion 

£xp  169  —As  was  just  now  a  1  carbon  e  ac  d  ma  be  pr  d  ced 
also  bv  heat  ng  arb  n  n  o  a  t  witl  ]  d  bod  es  wh  h  octa  n  o  y 
gen,  such,  for  example,  as  the  rad.  oxide  of  mercury.     Mii.  11  grammes 
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of  red  oxide  of  mercury  with  0-33  gi'm.  of  charcoal ;  place  the  mixture 
in  an  ignition-tube,  arranged  as  in  figure  53 ;  heat  the  tube  and  co]lect 
over  water  the  gaa  which  is  evolTcd.  Test  the  product  with  lime- 
water,  as  in  Esp.  168.  The  reaction  between  the  chaicoal  and  the 
oxide  of  mercurj  may  be  written  as  follows : — 

2HgO  -H  C  =  CO3  +  2Hg. 
The  metallic  mercury  Bet  free  condenses  in  droplets  npon  the  cold 
upper  portions  of  the  ignition- tube.     Here,  again,  as  in  Exps.  124, 165, 
the  metallic  oxide  is  reduced  by  the  charcoal. 

398  Carbonic  acid  may  readily  be  obtained  from  certain  com- 
poaads  called  carbonates,  several  of  which  are  abundant  minerals. 
Commnn  chalk,  marble,  and  limestone,  for  example,  are  com- 
posed of  Cdrbonate  of  calcium  ;  and  carbonic  acid  can  readily  be 
obtained  by  strongly  heatbg  them,  or  by  subjecting  them  to  the 
action  of  strong  acids. 

Xhp.  170. — Pln;,e  two  or  three  grammes  of  coarsely-powdered  rasrble 
in  an  ignition-tube  provided  with  a  gas  deliveiy-tube  bent  at  a  light 
angle ,  place  the  ignition-tube  upon  the  iron  stand  over  the  gaa-lamp, 
and  dip  thp  outer  opening  of  the  delivery-tube  into  a  small  bottle 
containing  hme-water ;  heat  the  marble  strongly,  and  observe  the  white 
precipitate  which  forms  in  the  lime-water  aa  the  carbonic  acid  gas 
comes  m  contact  with  it^  The  carbonate  of  calcium,  thus  precipitated 
by  bringing  together  carbonic  acid  and  oxide  of  calcium,  is  chemically 
identical  with  the  chalk  or  marble  from  which  the  acid  was  expelled. 
In  actual  practice  enormous  quantities  of  carbonic  acid  are 
expelled  from  limestone  in  this  way  for  the  sake  of  the  quickiirae 
■which  is  left  as  a  residue ; 


the  carbonic  acid,  thus  expelled 
by  heat,  is  rarely  collected,  for 
a  more  convenient  method  of 
procuring  it  is  to  treat  the  lime- 
stone with  some  acid  capable  of 
expelling  the  carbonic  acid. 

&P.  171.— In  a  gas-bottle  of 
600 or  600 c.  c.  capacity,  arransed 
precisely  as  for  generating  hydro- 
gen (see  Exp.  19),  place  10  or  12 
grms.  of  chalk  or  marble  in  small 
Iiimpsj   cover  the   chalk    with 


Fig.  56. 
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water,  and  pourtu  through  the  tliistle-tube  concentrated  chlorhydric 
acid,  by  small  portions,  ia  such  quantity  as  shall  insure  a  continuous 
and  equable  evolution  of  gaa.  Ooileet  several  bottles  of  the  gas  over 
water  thnn  replace  the  anterior  portion  of  the  delivery-tube  with  a 
stjajght  tube  and  collect  one  or  two  bottles  of  the  gas  by  displace- 
ment ,  carbonic  acid  gas  is  half  as  heavy  again  aa  air.  The  reaction 
between  the  urbonate  of  calcium  and  the  chlorhydric  acid  may  be 
thus  formulated  — 

CaCO,  +  2HC1  =  CaClj  +  H^O  +  CO3. 
When  cbalk  is  the  material  operated  upon,  sulphuric  acid  may  be  sub- 
stituted with  advantage  for  the  chlorhydric  acid ;  for  the  latter,  being 
-  rather  easily  volatile,  is  liable  to  be  carried  forward  by  the  current  of 
carbonic  acid,  and  to  contaminate  the  product.  When  carbonic  acid 
is  prepared  for  commerdal  purposes  by  the  action  of  an  acid  upon  car- 
bonate of  calcium,  sulphuric  acid  is  almost  always  the  add  employed, 
and  marbleniust  the  substance  acted  upon ; — 

CaCOj  +  HjSO,  =  CaSOj  +  H,0  +  00^. 
With  a  porouB  material,  like  chalk,  this  action  occurs  readily;  but  in 
attempting  to  operate  upon  compact  varieties  of  carbonate  of  calcium 
Buch  as  marble,  difficulties  are  encountered,  unless  the  carbonate  be  in 
the  state  of  powder.  The  sulphate  of  calcium,  which  is  a  product  of 
the  reaction,  is  a  rather  difficultiy  soluble  substance,  and,  being  depo- 
sited upon  the  surface  of  the  marble,  soon  covers  it  with  a  coating  so 
thick  and  impei-meable  that  the  action  of  the  sulphuric  acid  upon  the 
marble  is  well  nigh  completely  arrested. 

Carbonate  of  calcium  being  cheaper  than  most  other  cavbonates,  ia 
more  commonly  employed  than  any  other  as  a  source  of  carbonic  add ; 
but  it  is  sometimes  convenient  to  substitute  for  it  the  carbonate  of 
sodium,  or  of  potassium  (ealeiatus),  or  even  of  ammonium,  since  car- 
bonic acid  is  given  off  from  these  compounds  very  quickly  and  abun- 
dantly. A  self-regulating  gas-generator,  such  as  is  represented  in  Fig, 
xxviii.  of  the  Appendix,  chai^d  with  large  solid  lumps  of  the  com- 
mercial carbonate  of  ammonium  and  chlorhydric  acid,  is,  perhaps,  the 
most  convenient  apparatus  which  can  be  employed  for  preparing  the 
gas  upon  the  lecture-table. 

399.  At  the  ordinary  atmospheric  temperature  and  pressure, 
carbonic  acid  is  a  transparent,  colorless  gas,  of  a  slightly  acid  smell 
and  taste.  It  is  incombustible,  being  already  the  product  of  the 
complete  combustion  of  carbon,  and  is,  moreover,  incapable  of 
BUpporting  the  combustion  of  most  other  bodies,  since  the  osygeo 


I  by  Google 


324  PEOPERTIES  OF  CARBONIC 


contained  in  it  ia  very  firmly  held ;  like  nitrogen,  it  ii 
extinguishes  burning  bodies  which  are  immorsed  in  it. 

Sxp.  172. — Thrust  into  a  bottle  of  the  gas  obtained  in  Exp.  171,  a 
lighted  candle,  or,  better,  a  large  flame  of  alcohol  burning  upon  a  tuCt 
of  cotton;  in  either  case  the  flame  will  he  instantly  extinguished. 

The  specific  heat  of  gaseous  carbonic  acid,  between  10°  and 
200°,  is  0-2169.  Its  specific  gravity  is  22;  being  thus  l-53a3 
heavy  as  air,  it  can  bo  poured  from  one  vessel  to  another  alrnost 
as  readily  as  if  it  were  water. 

Ecp.  173. — Invert  a  bottle  filled  with  carbonic  acid  upon  another 
bottle  of  equal  size  filled  with  air,  in  such  manaer  that  the  mouth  of 
the  upper  inverted  bottle  shall  rest  upon  the  mouth  of  the  lower  bottle. 
After  the  lapse  of  several  minutes,  thrust  a  burning  eplinter  of  wood 
into  each  of  the  bottles ;  in  the  upper  bottle  the  splinter  will  continue 
to  bum,  for  into  this  bottle  the  air  from  the  lower  bottle  has  ascended ; 
while  in  the  lower  bottle,  now  full  of  carbonic  acid,  the  splinter  will 
be  extinguished. 

■  Sxp.  174. — From  a  large  bottle  full  of  the  gaa,  pour  a  quantity  of 
carbonic  acid  upon  the  flame  of  a  lamp  or  candle ;  that  is  to  say,  hold 
themouthof  the  open  bottle  of  carbonic  acid  obliquely  over  the  cnndler 
fiamo  so  that  the  giis  ahaU  fall  like  water  upon  it ;  the  flame  will  im- 
mediately be  extinguished. 

400.  Owing  to  the  great  weight  of  carbonic  acid,  it  often  fails 
to  rise  out  of  wells  and  other  cavities  in  the  earth,  in  which  it  is 
generated  by  the  decomposition  or  decay  of  organic  substances. 
Before  allowing  workmen  to  descend  into  any  such  place,  where 
there  is  reason  to  suspect  the  presence  of  carbonic  acid,  a  burning 
candle  should  first  be  lowered  ;  if  the  candle  be  extinguished,  or 
even  if  it  burn  feebly,  the  noxious  character  of  the  air  is  indicated, 
and  measures  should  at  once  be  taken  to  purify  the  locality  by 
ventilation  or  otherwise.  One  way  of  removing  the  carbonic  acid 
is  to  absorb  it  by  means  of  some  chemical  agent,  such  as  slaked 
lime  (hydrate  of  calcium)  or  potash-lye.  The  slaked  lime  is  most 
efficient  as  an  absorbent  when  neither  very  wet  nor  very  dry ;  it 
should  not  bo  dry  enough  to  be  dusty,  nor  yet  noticeably  moist. 
If  a  quantity  of  it  be  suspended  in  the  well,  or  thrown  upon  the 
floor  of  the  cellar  containing  carbonic  acid,  this  gas  will  quickly 
combine  with  the  lime  to  form  carbonate  of  calcium,  asinExp.  168. 
Another  good  method  is  to  lower  dowD  a  chafing-dish  full  of 
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brijhtly  glowing  charcoal ;  if  the  carhonic  acid  be  presentin  sueli 
quantity  that  the  test-candle  has  been  estinguiahed  by  it,  the 
charcoal  will,  in  like  manner,  be  immediately  extinguished,  and, 
in  cooling,  will  rapidly  absorb  thia  gas  (see  §  385),  together  with 
any  nitrogen  which  may  be  present;  a  current  of  fresh  air  will, 
in  this  way,  bo  induced  to  flow  into  the  weU.  If,  by  the  candle 
test,  but  little  carbonic  acid  he  found  in  the  well,  it  would,  of  course, 
be  beat  to  extinguish  the  charcoal  before  lowering  it  into  the  im- 
pure air ;  this  can  readily  be  done  by  covering  it  up  tightly  in  an 
iron  kettle. 

It  should  be  distinctly  nuderstood  that  the  accumulation  of 
carbonic  acid  in  wells  and  caves  is  a  consequence  of  the  low 
diffusive  power  of  the  gas  (see  §  63).  Carbonic  acid  mixes  with 
air  very  slowly ;  but  when  once  mixed  with  air  it  has  no  further 
tendency  to  settle  down,  or  to  separate  itself  in  any  way. 

-Ecp.  175. — Over  a  bottle  fiHed  with  carbonic  acid  gas,  invert  an- 
other bottle  full  of  air,  in  such  maimer  that  the  mouth  of  the  air- 
bottle  shall  rest  upon  that  of  tie  upright  bottle  full  of  carbonic  acid. 
After  some  hours,  pour  lime-water  into  each  of  the  bottles  and  shalie 
them ;  a  precipitate  of  carbonate  of  calcium  will  be  formed  in  both 
cases,  for  a  part  of  the  carbonic  acid  will,  by  this  time,  have  ascended 
out  of  the  lower  into  the  upper  bottle.  The  two  gases  have,  in  fact, 
become  intimately  mixed  or  blended ;  the  heavy  cai'bonic  acid  has 
diffused  upwards  into  the  air,  and  the  lighter  atmospheric  air  has  dif- 
fused downwai-ds  into  the  carbonic  acid,  just  as,  iu  a  previous  experi- 
ment, we  have  seen  hydrogen  and  oxygen  diffase  into  each  other. 
(Fig.  20,  p.  43.) 

The  great  importance  of  this  diffusion  of  gases,  in  the  economy  of 
nature,  is  well  illustrated  by  the  case  now  under  consideration.  When- 
ever, as  iu  the  processes  of  respiration  and  combustion,  oxygen  is  with- 
drawn fiom  and  carbonic  acid  thrown  into  the  air,  the  carbonic  acid, 
and  the  nitrogen  with  which  it  is  accompanied,  immediately  mis  with 
the  surrounding  air  and  distribute  themselves  throngh  the  atmosphere- 
The  composition  of  the  atmosphere  is  thus  maintained  uniform  all 
over  the  globe,  in  spite  of  the  constant  removal  from  it  of  oxygen  in 
some  localities,  and  the  addition  of  carbonic  aiad  in  others.  It  is  only 
in  confined  places,  where  nearly  pure  carbonic  acid  is  produced  more 
rapidly  than  it  can  pass  off  by  diifusion,  that  the  gas  accumulates  to 
any  appreciable  extent. 

The  angular  fecUity  with  which  gases,  and  particularly  hydrogen, 
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traverse  porons  bodies  is  very  striHngly  iUustrated  by  the  foHo^^ng 
oxperiment,  whiot  our  acquaintBnce  with  earhoiiic  acid  no-w  enables 
us  to  perform :— Through  a  lar^  glass  tube,  a  smaller  tube  of  porous, 
nnglazed  earthenware  is  passed,  and  the  ends  of  the  glass  tube  are 
tightly  closed  by  tie  corks  whieh  hold  the  porous  tube.  By  the  tube 
Fig.  5a 


a,  a  rather  rapid  stream  of  carbonic  add  is  brought  from  a  aelf-regn- 
lating  generator  into  the  annular  space  between  the  two  tubes,  while, 
by  the  tube  b,  a  slower  ciiri-ent  of  hydrogen  is  introduced  into  the  inner 
porous  tube.  It  would  be  expected  that  hydrogen  should  be  iound  Ja 
the  cylinder  d,  and  carbonic  acid  in  the  cylinder  c ;  but,  on  the  con- 
trary, an  inflammable  gas  is  found  in  e,  and  in  the  cylinder  d  carbonic 
acid  pure  enough  to  extinguish  a  bumingaplinter.  The  hydrogen  dif- 
fuses almost  instantaneously  into  the  aunular  space,  and  the  carbonic 
acid  enters  the  inner  tube  to  replace  the  issuing  hydi'ogen. 

401,  When  pure,  or  nearly  pure,  carbonic  add  is  irrespirable ; 
it  produces  spasms  in  the  respiratory  passages,  and  is  thus  pre- 
vented from  entering  the  lungs.  "When  so  far  diluted  witb  air  as 
to  admit  of  being  respired,  it  acts  as  a  narcotic  poison ;  it  is,  how- 
ever, far  less  poisonous  than  the  other  oxide  of  carbon,  carbonic 
oxide,  directly  to  be  described. 

402,  Carbonic  acid  gas  is  soluble  in  -water  to  a  considerable 
extent.  One  measure  of  water,  at  the  ordinary  tempraatiii'e  and 
pressure,  will  dissolve  one  measure  of  carbonic  aeid  gas ;  but  its 
solubility  increases  if  the  pressure  be  increased. 

Exp.  176,— Into  a  long-neched  flask  or  phial  filled  with  carbonic 
acid,  pour  a  quantify  of  water,  close  the  bottle  with  the  finger,  and 
shata  it ;  immerse  the  mouth  of  the  bottle  in  water,  and  remove  the 
finger,  water  will  rush  into  the  bottle  to  supply  fhe  place  of  the  gas 
which  has  been  dissolved.     Again  place  the  finger  upon  the  mouth  of 
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the  botHe,  shake  the  bottle  as  before,  and  subsequently  open  it  beneath 
the  surface  of  the  water ;  a  fresh  portion  of  water  will  flow  into  the 
bottle  to  supply  the  new  vacunm  ;  in  this  way,  by  repeated  agitation 
with  water,  all  of  the  eajbonic  acid  in  the  bottle  can  be  absorbed. 

Owing  to  thia  solubility  in  water,  some  carbonic  acid  ia  slwaya  lost 
when  the  gas  ia  collected  over  water  aa  in  Exp.  171 ;  but  since  conai- 
derable  time  is  required  to  absorb  all  the  gas,  there  ia  little  objection 
to  collecting  it  oyer  water. 

403,  When  subjected  to  increased  pressure,  carhonic  acid  gas 
dissolves  in  water  mn.eh  more  abundantly  than  at  the  ordinary 
pressure  of  the  air;  under  a  pressure  of  two  atmospheres,  one 
measure  of  water  will  dissolve  two  measures  of  the  gas  ;  under  a 
pressure  of  three  atmospheres,  it  will  dissolve  three  measures,  and 
so  on.  Water  thus  Sttroharged  with  carhonift  acid  has  an  agree- 
able, acid,  pungent  taste,  and  effervesces  brislfly  when  the  com- 
pression is  suddenly  removed,  as  when  the  liquid  is  allowed  to 
flow  out  info  the  air  ;  such  carbonic  acid  water,  or  "  mineral 
water,"  as  it  is  then  called,  flows  from  the  earth  in  many  locali- 
ties, as  at  Seltzer  and  Saratoga;  it  is  also  prepared,  artificially, 
in  large  quantities,  and  sold  as  a  beverage  under  the  meaninglesB 
name  of  soda-tvaler.  Carbonic  acid  water  possesses  solvent 
powers  far  greater  than  those  of  pure  water  ;  few  minerals  are 
capable  of  resisting  its  long-continued  action ;  hence  the  waters 
of  the  springs  from  which  it  issues  are  usually  highly  charged 
with  saline  and  mineral  ingredients,  and  are  often  of  medicinal 

404  The  effervescent  qualities  of  fermented  liquors,  such  as 
cider,  champagne,  and  beer,  are  in  like  manner  dependent  upon 
the  presence  of  compressed  carbonic  acid  gas.  In  all  these  cases 
the  carbonic  acid  is  of  value,  not  only  on  account  oi  the  agreeable 
pungency  which  it  imparts  to  the  beverage,  but  also  because  of 
the  fact  that  in  escaping  from  solution  and  assuming  the  gaseous 
condition,  it  absorbs  a  very  considerable  amount  of  heat,  and  so 
cools  the  liquid  which  contained  it. 

405.  Carbonic  acid  is  widely  diffused  in  nature.  Traces  of  it 
occur  in  the  air  and  in  water  everywhere  ;  and  there  are  many 
localities,  besides  the  mineral  springs  before-mentioned,  where  it 
iaaaes  from  the  earth  in  large  quantities,  notably  in  several  vol- 
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canio  districts.  It  is  produced  not  only  in  the  actual  combustion 
of  all  substances  which  contain  carbon,  but  also  during  the  decay 
and  putrefaction  of  all  animal  and  vegetable  substances.  During 
fermentation  it  is  CTolvedin  large  quantities,  and  it  is  continually 
gWtiii  off  during  the  respiration  of  animals, 

Hip.  177. — Put  one  or  two  table-spoonfula  of  coarse  meal  into  a 
bottle  of  about  250  c.  e.  capacity;  cover  the  meal  with  water,  andeon- 
nect  the  bottle,  by  means  of  a  cork  and  glass  tube,  with  a  second  bottJ.e 
filled  about  three  cm.  deep  with  lime-water;  the  delivery-tube  must 
reach  into  the  lime-water.  Out  of  the  top  of  the  second  bottle  carry 
a  second  bent  glass  tube,  whose  open  end  dips  into  water.  The  bottle 
containing  the  lime-water  will,  of  course,  be  closed  by  the  cork  through 
which  pass  the  two  tubes  above  described.  Keep  the  apparatus  in  a 
warm  place ;  bubbles  of  gas  will  pass  firom  the  first  into  the  second 
flask  i'ibey  eonlfun  carbonic  acid,  as  may  be  seeu  from  the  precipitate 
of  carbimate  of  calcium  which  tliey  produce. 

Exp.  178. — Dissolve  2  grammes  of  honey  or  molasses  in  200  c.  c.  of 
water;  fill  a  large  t«st-tube  with  the  mi3i:ture,andaddtoitafewdrop3 
of  bakers'  or  brewers'  yeast ;  close  the  open  mouth  of  the  test-tube 
with  the  thumb,  and  invert  it  in  a  small  saucer  or  porcelain  capsule 
filled  with  the  diluted  syrup.  Place  the  saucer  and  tube,  with  their 
contents,  in  a  waim  place,  having  a  temperature  of  about  20°  or  30°, 
and  leave  them  there  during  24  houi's.  In  a  short  time,  fermentation 
sets  in,  and  the  sugar  of  the  syrup  is  gradually  converted  into  alcohol 
and  caj'bonio  acid. 

CJI,,p,  =  SOjlJ^O  +  2C0,. 
Sugar.  Alcohol. 

The  carbonic  acid  thus  formed  rises  in  minute  bubbles,  causing  a  gentle 
effervescence  in  the  liquid,  end  collects  in  the  upper  port  of  the  tube, 
while  the  alcohol  remains  dissolved  in  the  liquid.  That  the  gas  ob- 
tained in  this  experiment  is  really  carbonic  acid,  may  be  proved  by 
transferring  some  of  it  into  a  clean  tube  at  the  water-pan,  and  then 
testing  with  lime-water. 

Exp.  179. — Provide  two  test-glasses  or  small  bottles ;  place  in  each 
IS  or  20  c.  c.  of  lime-water ;  through  a  glass  tube  blow  into  the  lime- 
water  of  one  of  the  bottles  air  coming  from  the  lungs.  By  means  of 
bellows,  to  the  noz7.1e  of  which  a  gae-delivery  tube  has  been  attached, 
force  through  the  lime-water  of  the  second  bottle  a  quantity  of  fresh 
inr.  The  clear  liquid  of  the  first  bottle  will  quickly  become  turbid 
through  deposition  of  carbonate  of  calcium,  while  the  lime-water  of  the 
second  bottle  wiU  remain  clear  for  a  lone  while. 
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Tliia  experiment  may  be  modified  by  constmcting  an  apparstua 
with  valyes,  in  such  manner  that  the  air  dtawn  into  the  lungs  shall 
he  made  to  pass  through  ono  bottle  of  lime-water,  while  the  air  es- 
pired  goes  out  through  another  bottle  of  iime-water.  The  contents  of 
the  fiwt  bottle  will  remain  clear,  while  the  liquid  in  the  other  imme- 
diaiely  becomes  turbid. 

Ordinary  fresh  air  conttdns  only  about  one  2000th  part  of  carbonic 
acid,  while  air  expired  from  the  lungs  contains  as  much  es  S  or  4  per 
cent,  of  it.  In  breathing,  animals  inhale  oxygen  from  the  air;  this 
osygen  combines  with  carbon  within  their  bodies  and  is  eshaled  as 
carbonio  acid.  A  crowd  of  men  consume  the  oxygen  of  the  air,  just 
as  lamps  on  fires  consume  it ;  to  carry  off  this  product  of  animal  com- 
bui-tion  is  one  of  the  objects  of  systems  of  ventilation.  Air  which  eon- 
tains  even  as  little  as  1  or  2  per  cent,  of  carbonic  acid,  exerts  a  very 
depressing  efl'eot  when  breathed  for  any  length  of  time. 

406.  From  the  foregoing  statoments  it  appears  that',  in  the 
several  processes  called  "  life,"  "  fermentation,"  "  decay,"  and 
"  combniBtion,"  there  is  involved  chemical  action  ;  in  all  of  these 
processes  oxygen  from  the  air  unites  with  carbon,  while  carbonic 
acid  is  set  free  and  thrown  into  the  atmosphere.  The  question 
now  arises.  What  becomes  of  all  this  vast  amount  of  carbonic  acid 
which  is  constantly  coming  into  our  atmosphere  from  the  respira- 
tion of  animals,  from  fires,  from  decaying  and  fermenting  stib- 
stancea,  from  volcanic  fissures,  and  from  various  other  sources? 
If  this  carbonic  acid  remained  in  the  air,  the  latter  would  quickly 
become  unfit  to  support  animal  life.  But  it  is  not  found  that  the 
average  proportion  of  carbonic  acid  in  the  air  doe^i  increase;  on 
the  contraiy,  all  the  evidence  goes  to  show  that  there  was,  at 
certain  earlier  geological  epochs,  more  of  it  in  the  air  than  now. 
Many  geologists  believe  that,  in  the  early  history  of  our  globe, 
there  was  much  more  carbonic  acid  in  the  air  than  at  present; 
hence  immense  forests  arose  whose  carbon  is  now  stored  away 
in  the  form  of  coal ;  hence  also  the  formation  of  enormous  beds 
of  limestone  covering  many  parts  of  the  earth's  surface, — processes 
of  which  the  faint  continuations  are  now  seen  in  the  formation  of 
peat-bogs  and  coral-reefs.  On  the  other  hand,  it  is  not  found 
that  the  proportion  of  osygin  in  the  almosi)here  undergoes  any 
appreciable  change,  in  spite  of  the  enormous  volume  of  it  which 
b  a'jtorbed  in  the  processes  of  breathing,  combustion,  and  decay 
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above  emimerated.  For,  unlike  animala,  plants,  in  breathing, 
take  ia  carbonic  acid  and  give  out  oxygen.  The  leaves  of  plants 
are  so  constructed  tbat  they  can  decompose  carbonic  acid,  fix  car- 
bon for  the  building  up  of  the  plant,  aad  set  oxygen  free.  This 
reciprocal  action  of  plants  and  animals,  tending  to  maintain  un- 
changed the  constitution  of  the  atmosphere,  is  oao  of  the  most 
wonderful  adjustments  of  nature. 

407.  Carbonic  acid  can  be  liquefied  by  pressure,  and  the  liquid 
thus  obtained  can  be  solidiflcd  by  exposure  to  cold.  When  the 
gas  is  generated  in  a  eonflued  space  in  a  strong  vessel,  it  soon 
exerts  so  powerful  a  pressure  that  a  large  portion  of  it  condenses 
to  a  transparent,  colorless,  mobile  liquid,  somewhat  resembling 
water,  though  it  refracts  light  less  powerfully ;  or  it  may  be 
liquefied  by  mere  cooling  to  — 108°,  under  the  atmospheric  pres- 
sure. A  better  way  of  preparing  the  liquid  acid  is  to  pump  the 
gas,  by  means  of  a  forcing  syringe,  into  a  strong  wrought-iron 
vessel  surrounded  with  pounded  ice.  The  pressure  can  thus  bo 
regularly  and  methodically  increased  and  the  receiver  finally  filled 
with  the  liquid.  At  0°  a  pressure  of  36  atmospheres  is  required, 
in  order  that  the  acid  shall  remain  in  the  liquid  state.  Liquid 
carhonic  acid  does  not  mix  readily  with  water  or  with  the  fixed 
oils ;  but  with  alcohol,  ether,  petroleum,  and  similar  liquids  it  ia 
miscible  in  all  proportions.  Its  specific  gravity  is  0-83  at  0° ;  but 
it  expands  to  such  an  extent  on  being  heated,  that  at  30°  its 
specific  gravity  is  only  0'6.  It  expands  to  a  greater  extent,  on 
the  application  of  heat,  than  any  known  substance,  ovon  to  a 
greater  extent  than  the  gases ;  20  volumes  of  it  at  0°  become  29 
volumes  when  the  temperature  is  raised  to  30°;  150  volumes,  at 
30",  shrink  to  100  volumes  when  the  temperature  is  reduced  to 
—20°.  The  liquid  acid  well  illustrates  the  general  fact  that 
Uquids  expand  proportionally  much  more  when  heated  under  a 
high  pressure  than  under  a  low  one, 

408.  If  the  stop-cock  of  a  vessel  containing  liquid  carbonic 
acid  be  opened,  in  BUch  manner  that  a  stream  of  the  liquid  shall 
be  forced  out  into  the  air,  a  portion  of  it  at  once  assumes  the 
gaseous  state,  and  in  so  doing  absorbs  so  much  heat  from  the  re- 
mainder that  the  latter  solidifies,  and  is  deposited  in  the  form  of 
white  fiakea  like  snow.     This  snow-like  substance  is  slowly  con- 
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verted  into  gas  when  exposed  at  ihe  ordinary  pressure  o£  the  air, 
and  so  disappears.  Though  its  temperature  is  lower  thau  — 78°, 
it  may  he  handled  hghtly  without  exciting  any  special  sensation 
of  coldness  or  pain;  I'or  tho  gas  which  it  is  constantly  emitting  is 
a  bad  conductor  of  heat,  and  prevents  it  from  coming  into  intimate 
contact  with  the  akin.  When,  however,  the  solid  aoid  is  forcibly 
pressed  between  the  fingers,  it  produces  painful  blisters,  as  if  it 
were  red-hut  iron.  In  order  to  use  the  sohd  acid  for  producing 
low  temperatures,  it  is  best  to  mix  it  with  a  small  quantity  of 
ether ;  in  such  a  mixtui'e  quicksilver  can  readily  be  frozen,  and 
many  gases  can  be  liquefied  or  even  solidified.  If  this  mixture 
be  placed  in  the  vacuum  of  an  air-pump,  a  temperature  as  low  as 
— 100°  can  he  obtained ;  and  if  a  tuba  containing  liquid  carbonic 
acid  be  then  placed  in  the  mixture,  the  liquid  will  speedily  be 
frozen  to  a  clear  transparent  mass  like  ice. 

409.  Carbonic  acid  gas,  on  being  heated  from  0°  to  100°,  does 
not  expand  at  the  same  rate  as  air  and  the  other  permanent 
gases,  but  increases  in  volume  to  a  greater  extent  than  any  of 
them.  Xlpoa  being  heated  one  degree,  it  expands  0-003688  its 
Tolurae  at  0°.  This  behavior  is  in  accordance  with  the  general 
rule,  that  those  gases  expand  the  most  which  are  most  readily 
condensable  to  the  liquid  state,  while  those  gases  whicli  have  re- 
sisted all  efforts  to  liquify  them  scarcely  show  any  appreciable 
differences  in  the  rate  of  expansion. 

In  the  same  way,  carbonic  acid,  lite  the  other  easily  condensable 
gases  (see  §  231),  does  not  conform  precisely  to  the  law  of  Mati- 
otte.  At  pressures  greater  than  one-third  of  the  pressure  of  onr 
atmosphere,  its  volume  diminishes  more  rapidly,  with  increasing 
pressure,  than  would  be  tho  case  with  air  and  the  other  permanent 
gases  under  the  same  conditions. 

410.  Carbonic  acid  is  one  of  the  compound  gases  which  can  be 
split  by  heatalone  into  its  proximate  constituents;  in  other  words, 
it  exhibits  the  phenomena  of  dissociation  (§  300).  ■^\'hen  the  gaa 
is  passed  through  a  strongly  heated  porcelain  tube,  the  gaseous 
mixture  which  escapes  from  the  tube  contains,  besides  undecom- 
posed  caibonic  acid,  notable  quantities  of  carbonic  oxide  (CO)  and 
oxygen. 

411.  As  has  been  already  stated  (§  399),  the  oxygen  in  carbonic 
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acid  ia  so  strongly  held  that  it  cannot  he  withdrawn  by  comhnsti- 
bles  under  ordiniirj-  circnmatanccs ;  but  at  high  temperatures  car- 
bonic acid  is  decomposed  bj  carbon  and  by  several  of  the  metals— 
Buch  as  iron,  zinc,  and  manganese, besides  potassium,  sodium,  and 
the  other  metab  of  the  alkalies  and  alkaline  earths.  By  the 
alkali-metals  the  oxygen  is  completely  removed  from  cnrbmiie 
acid,  and  carbon  is  set  free ;  but  by  the  other  agents  above-mcn- 
fcioned,  only  half  the  oxygen  of  the  acid  is  taken  away,  while  oar- 
bonie  oside  gas  is  formtd: — 

CO^  -I-  C  =  SCO. 
Phosphorus,  also,  at  high  temperatures  and  in  presence  of  a  fixed 
alkali,  decomposes  carbonic  acid  in  the  same  way,  and  abati-aets 
part  of  its  oxygen.  So,  too,  if  a  mixture  of  equal  volumes  of  hy- 
drogen and  carbonic  aoid  be  passed  into  one  end  of  a  red-hot  tube, 
steam  and  carbonic  oxide  gas  will  escape  at  the  other: — 

COj  -H  2H  =  CO   +  H,0. 
The  decomposing- power  of  the  alkali-metals,  above  alluded  to, 
iurmshes  us  one  means  of  partially  analyzing  carbonic  acid. 

J^xp   ISO  — To  a  gas-bottle  in  which  carbonic  acid  is  being  steadily 

evolved,  according  to  Exp.  171,  attach  a  chloride-of-calcium  tube,  and 

be>ond  this  drving-tube  a  short  tube  of  hard  glass,  from  which  an 

exit-tubo  leads  into  a  small  open  bottle,  as  shown  in  Fig.  67.     When 

Fig.  67. 


the  extinction  of  a  lighted  mntcL  in  the  open  bottle  proves  the  appa- 
ratus to  be  full  of  carbonic  acid,  thrust  into  the  hard-glass  tube  a  bit 
of  potassium  as  big  as  a  pea,  previously  dried  between  (olds  of  blotting- 
paper,  and  then  gently  heat  the  potassiu  m  with  a  lamp.  The  potassium 
will  take  fire  and  burn  at  the  expense  of  the  oxygen  of  the  carlonio 
acid,  and  black  particles  of  carbon  will  be  deposif«d  upon  the  walls  of 
the  tube.     After  the  reaction  has  ceased,  and  the  tube  has  been  allowed 
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to  become  cold,  place  it  in  a  bottle  of  water  so  tlat  tLe  saline  mass 
(carbonate  of  potassium)  may  dissolve ;  the  partides  of  carbon  will  then 
be  seen  more  clearly,  floating  in  the  liquid;  they  may  be  liollccted 
upon  a  filter.  The  potassium  in.  this  experiment  may  be  replaced  by 
Bodiiim,  but  in  this  case  a  somewhat  hig'her  temparatm^  is  required. 

412.  The  qizantitati^e  composition  of  carbonic  acid  may  be 
readily  ascertained  by  the  method  of  sjmtheais.  When  a  quantity 
of  carbon  is  burned  ia  a  confined  and  measured  volume  of  oxygen, 
it  is  found  that  the  rolume  of  carbonic  acid  gas  produced  haa 
sensibly  the  same  bulk  as  the  original  osygen.  Hence  we  con- 
clude that  the  normal  or  product-volume  of  tlie  molecule  of  car- 
bonic acid  gas  contains  two  volumes  of  oxygen, 

Kow  two  volumes  o£  carbonic  acid  weigh  44'152,  since  the 
■weight  of  the  unit-volume,  or  the  specific  gravity  of  carbonic 
acid,  has  been  found  to  be  22'076. 

Subtracting  ftom  this  weight  of  the  product-volume  of  the  gas  44' 152 
The  weight  of  two  unit-volumes  of  oxygen  (15-069x2)      .     .  81'9a8 
There  remains  as  the  weight  of  the  carbon  in  the  product- 
volume  of  the  gas 12'214 

The  weight  of  one  atom  of  carbon  is  12,  as  we  have  seen  above 
(§  395),  and  it  follows  that  the  formula  of  carbonic  acid  is  CO^. 
From  these  figures  the  following  percentage  composition  of  car- 
bonic acid  may  be  deduced: — 

Carbon 27-66 

Osygen 72-34 

10000 
But  these  results  must  be  regarded  merely  as  approximations  to 
the  truth,  since  the  deviation  of  carbonic  acid  from  the  law  of 
Mariotte  (§  409)  renders  it  well-nigh  certain  that  we  have  not 
jet  been  able  to  precisely  determine,  by  experiment,  the  true 
weight  of  a  unit-volume  of  this  gas. 

413.  The  composition  of  carbonic  acid,  however,  has  been  de- 
termined with  very  great  accuracy  by  burning  a  known  weight 
of  pure  carbon  in  a  stream  of  oxygen  gas  and  carefully  oolleoting 
and  weighing  the  carbonic  acid  produced. 

In  order  to  do  this,  the  product  of  the  combustion  of  the  carbon, 
together  with  the  excess  of  oxygen,  is  made  to  flow  through  U-tubea 
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(Appendix,  5 15)  filled  with  fragments  of  hydrate  of  potasaium,  a  snb- 
stance  which  absorbs  only  the  carbonic  acid ;  tlie  weight  of  these  tubes 
is  determined  before  the  commencement  of  the  experiment  and  ^ain 
at  ita  dose,  the  increase  of  weight  during  the  experiment  being,  of 
course,  referable  to  the  carbonic  acid  absorbed.  Knowing,  then,  the 
weight  of  the  carbon  taken  and  the  weig-ht  of  tie  carbonic  acid  into 
which  it  has  been  converted  by  uniting  with  osygen,  a  very  simple 
calculation,  as  before,  gima  us  the  percentage  composition  of  the  acid. 
Experiments  of  this  hind  have  yielded  the  following  result ; — 

Carbon 27-27 

Oxygen 72 '73 

100  00 
It  therefore,  appears,  that,  in  uniting  to  form  carbonic  acid,  the 
elements  carbon  and  oxygen  combine  in  the  proportion  of  3  parts 
by  weight  of  carbon  to  8  parts  by  weight  of  osygen,  or  in  the 
proportion  of  12  to  32.  If  the  number  72-73  be  divided  by  16, 
the  number  representing  the  weight  of  a  unit-volume  of  oxygen, 
and  if  the  number  100  be  divided  by  22,  the  number  which,  in 
accordance  with  the  weigbt  of  aU  the  evidence  thus  far  accumu- 
lated must  be  regarded  as  the  true  unit- volume  weight  of  carbonic 
acid,  there  will  be  obtained  in  each  case  the  same  quotient,  namely, 
4-545  Tolumea ;  whence  we  conclude,  as  before,  that  any  volume 
of  carbonic  acid  contains  the  same  volume  of  oxygen. 

414.  Carbonic  acid  unites  with  the  protoxides  of  most  of  the 
metals  to  form  well-defined  salts  called  carbonates.  The  greater 
number  of  the  best-defined  carbonates  contain  only  one  molecule 
of  base;  but  besides  the  normal  carbonates  of  the  general  for- 
mula M,0,COj  or  MjCO,,  there  are  sesquiearbonates  of  the  for- 
mula 2M:jO,3COj,  "  bicarbonates  "  of  the  formula  Mp,H^0,2C0, 
or  MHCOj,  and  basic  carbonates  containing  two,  three,  or  more 
molecules  of  the  base  to  one  of  the  acid.  In  general  the  term 
basic  siilt  is  applied  to  all  salts  in  which,  as  in  the  earbonates  last 
named,  the  alkaline  constituent  or  base  predominates.  The  ap- 
pellation "  bicarbonate,"  though  ordinarily  applied  in  the  manner 
indicated  above,  is  a  name  of  very  doubtful  correctness ;  strictly 
speaking,  the  class  of  compounds  to  which  it  refers  should,  per- 
haps, be  regarded  aa  double  salts  of  the  metal  and  hydrogen.  The 
normal  carbonate,  and  the  so-called  bicarbonate  of  sodium,  for 
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example,  differ  only  in  that  half  tUe  sodium  in  tte  normal  salt 
has  been  replaced  liy  hydrogen  in  the  bicarhonate : — 
Normcd  Oarhonate  of  Sodium.  Bicarhonate  o]  Sodium. 

Ko^CO,.  NaHCO^. 

Carbonic  acid  is  an  exceedingly  weat  acid;  it  fails  to  neutra- 
lize (§  65)  completely  the  causticity  of  oxides  sacii  as  those  of  the 
alkaline  metals ;  the  normd.  carbonate  of  sodium,  for  example,  is 
decidedly  alkaline  in  its  reaction  and  properties.  The  so-called 
bicarbonate  of  sodium  is  also  slightly  alkahne ;  and  even  the  solu- 
tion of  carbonate  of  calcium  in  carbonic  acid  water  exhibits  an 
alkaline  reaction  when  tested  with  turmeric  paper.  Almost  all 
the  carbonates  are  readily  decomposed  by  a^;ids  (even  by  very 
weak  acids),  Tvith  an  effervescence  caused  by  the  escape  of  car- 
bonic acid.  Most  of  them  are  decomposed  also  on  being  heated ; 
but  from  the  normal  salts  of  sodium  and  potassium  carbonic  acid 
cannot  be  expelled  by  heat  alone,  however  intense. 

415.  Carbonic  Oxide  (CO). — As  has  been  stated  in  §  411,  car- 
bonic oxido  can  bo  prepared  by  acting  upon  carbonic  acid  with 
hot  charcoal. 

-E^.  181.— In  the  middle  of  a  tube  of  hard  glass,  No.  2  or  21,  about 

35  cm.  long,  pack  a  column  15  cm.  in  length  of  coarsely-powdered 

charcoal.     Place  the  tube  upon  a  alieet-iron  trough  on  a  ring  of  the 

iron  stand  above  wire-gauze  lamp?,  as  shown  in  tie  tigute.     Connect 

Fig.  58. 


the  tube  either  with  a  gas-holder  containing  carbonic  scid,  or  with  a 
bottle  in  which  the  gas  is  being  generated.  Heat  the  charcoal  in- 
tensely, end  iix>m  time  to  time  test  the  gas  which  is  deliyered  at  the 
water-pan,  as  to  its  inflammability.    Carbonic  oxidetakeaHre  on  being 


sd  by  Google 


336  PRBPJRillON  OF  CARBONIC  OXIEB. 

toHclied  witli  a  lighted  match,  and  bums  mth  a  bluish  flame.  In  place 
of  the  charcoal,  amall  frdgments  of  ivoii  or  of  zinc  may  tie  employed  in 
this  experiment. 

Instead  of  gaseous  carbonic  acid,  the  solid  compounds  called 
carbonates  can  be  conveniently  employed  for  preparing  carbonic 

Exn.  183. — Mis  powdered  chalk  (carbonate  of  calcium)  with  an 
equal  weight  of  iron  or  zinc  filings,  place  the  mixture  in  an  ignition- 
tube,  provided  with  a  gas-delivery  tube,  and  heat  it  to  redness  over 
the  gas-lamp.  The  metal  will  abstract  an  atom  of  oxygen  froin  tlis 
carbonate  of  calcium,  oxide  of  iron  or  of  zinc  will  be  formed,  while 
carbonic  oxide  will  pass  off  through  the  delivery-tube  to  be  collected 
at  the  water-pan : — 

OaOOj  +  Fe  =  FeO  -f-  CaO  -f-  CO. 

In  tho  same  way,  when  a  mixture  of  ehalh  and  finely-powdered 
charcoal  is  heat-ed  to  full  redness,  carbonic  oxide  ijas  is  given  ofl": — 

CaCO,  -t-  0  =  CaO  -I-  2C0. 
It  should  be  mentioned,  however,  that  in  all  these  eases  the  carbonic 
oxide  obtained  is  more  or  less  contaminnted  with  carbonic  acid,  por- 
tions of  which  escape  reduction  by  the  metal  and  carbon ;  the  earbouic 
acid  may  always  be  readily  removed  by  causing  the  gas  to  pass  through 
a  strong  solution  of  caustic  soda  or  through  a  U-tube  filled  with  bits 
of  pumice-stone  saturated  with  soda-lye. 

Carbonic  oxide  cnn  be  obtained  also  by  heating  charcoal  with 
other  solid  oxygen  compounds,  such  as  the  phosphate  of  calcium, 
already  mentioned  {§  270),  or  the  osides  of  almost  any  of  the 
metabi,  provided  the  charcoal  be  in  excess. 

Exp.  183.  —Heat  in  an  ignition-tube,  as  before,  a  mixture  of  I  grm. 
of  finely-powdered  chareofii  and  8  grms.  of  red  oxide  of  iron;  collect 
the  gas  over  water,  pour  into  the  bottle  a  httJe  soda-lye,  close  tlie 
mouth  of  the  bottle  tightly  and  shahe  it,  then  open  the  mouth  of  the 
bottle  under  water,  and  finally  test  the  gas  with  a  liglited  match. 

416.  Another  easy  method  of  preparing  carbonic  oxide  is  to 
■  decompose  oxalic  acid  by  means  of  oil  of  vitriol ;  this  is  the 
method  asuitlly  employed  in  the  laboratory.  Oxalic  acid  is  a 
solid  vegetable  acid,  to  be  procured  of  the  druggists ;  its  com- 
position may  be  represented  by  the  formula  H^C^O,.  On  being 
heated  with  concentrated  sulphuric  acid,  it  suffers  decomposition 
in  a  manner  which  may  be  formulated  as  follows  :^ 

H,0,Cp,  -h  tt.O,SO,  =  2H^0,S0,  +  CO  -|-  CO,. 
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The  elements  of  water  are  taken  away  from  the  oxalic  acid  and 
UEited  with  the  sulphuric  acid,  while  the  remainder  of  the  oxalic 
acid  hreaks  up  into  carhonlc  acid  aud  carbonic  oxide. 

Erp.  184.~Place  in  a  flask  of  about  350  c.  c.  capacity  9  grms  ol 
common  oxalic  acid  and  53  pi      fifl 

grms.   of  concentrated   sul-         .  °' 

phurie  acid ;  connect  the 
flask  with  a  bottle  filled 
with  fragments  of  pumice- 
stone  saturated  with  a  stronE; 
aolufjon  of  caustic  soda,  sa 
shown  in  the  figure ;  heat 
the  contents  of  the  glass 
(jently,  and  collect  the  gas 
which  is  evolved  over  water 
in  the  usual  way.  The  car- 
bonic acid  resulting  from  the 
reaction  ivill  all  be  absorbed 
by  the  soda-lye,  and  carbonic 
oxide  will  alone  be  delivered 
at  the  watei-pan. 

None  of  the  methods  heretofore  given  yield  pure  carbonic  oxide 
directly ;  in  each  of  the  experiments  wo  are  compelled  to  wash 
out  carbonic  acid  from  the  gas  obtained,  if  an  absolutely  pure 
product  is  desired ;  but  there  are  methods  by  which  pure  carbonic 
oside  may  be  prepared  without  the  need  of  any  process  of  purifi- 
cation.    One  of  the  best  of  these  is  aa  follows : — 

.Erp.  185. — In  a  thin-bottomed  flask  of  about  250  c.  c.  capacity  and 
provided  with  a  suitable  gas-delivery  tube,  heat  a  mixtnre  of  6  grammes 
of  finely  powdered  ferrocyanide  of  potassinm  ("yellow  prussiate  of  pot- 
ash) and  40  or  50  grms.  of  strong  sulphuric  acid.  Collect  the  gas 
over  water,  and  test  it  as  to  its  inflammability.  Thrust  also  a  lighted 
pplinter  into  the  gas  and  observe  that  it  will  be  extinGuished.  The 
reactions  which  occur  between  the  chemicals  emplojed  may  he  ex- 
pressed as  follows ; — 

Ferrocyanide  of  Fbtassium.         Water.  Sidplmrie  Add. 

K^FeC^N^HjOj      +      3HjO      +      6HjS0^ 
=       6C0      -I-      2K;S0,      +      FeSO^     +      S(NH,)jSO^. 
Carbmac  Svlplmle  nf         Suiphate  of  Sulphate  of 

Oxide.  Potassium,  Iron.  Ammoiitum. 
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417.  Carbonic  oxide  is  a  tTaasparent,  colorless  gas,  having 
little,  if  any,  odor;  it  has  never  yet  been  liquefied.  It  is  some- 
wbat  lighter  than  air,  its  specific  gravity  being  14,  while  that  of 
air  is  14-5.  It  is  but  little  soluble  in  water,  and  may  be  col- 
lected and  preserved  over  water  without  much  loss.  It  extin- 
guishes combustion  just  as  hydrogen  does,  and  destroys  animal 
life.  Unlike  hydrogen  and  nitrogen,  however,  it  is  a  true  poison. 
It  destroys  life,  not  negatively  by  mere  suffocation  or  exclusion 
of  oxygen,  but  by  direct  noxious  action.  Even  when  largely 
diluted  with  air,  it  is  stiU  poisonous,  producing  giddine^,  insen- 
sibility, and  finally  death.  It  is  the  presence  of  this  gaa  which 
occasions  the  peculiar  sensation  of  oppression  and  headache  which 
is  experienced  in  rooms  into  which  the  products  of  combustion 
have  escaped  from  fires  of  charcoal  or  anthracite.  Carb;  nic  oxido 
is  very  much  more  poisonous  than  carbonic  acid.  Much  of  the 
ill  repute  which  attaches  to  carbonic  acid  really  belongs  to  car- 
bonic oxide ;  for  since  both  these  gases  are  prodaoed  by  burning 
charcoal,  many  persona  are  liable  to  confound  them ;  but  car- 
bonic acid  b,  comparatively  speaking,  almost  ianocuous.  Car- 
bonic acid,  it  is  true,  is  somewhat  poisonous ;  it  does  not  merely 
suffocate,  like  water,  or  nitrogen,  or  hydrogen ;  but  it  is  very 
much  less  poisonous  than  carbonic  oxide.  It  has  been  found,  by 
experiment,  that  an  atmosphere  containing  only  1-lOOth  of  car- 
bonic oxide  is  as  fatal  to  a  bird  as  one  containing  l-25th  part  of 
carbonic  acid. 

Carbonic  oxide  exhibits  neither  an  acid  nor  an  alkaline  reac- 
tion when  tested  with  vegetable  colors,  and,  in  general,  has  but 
little  tendency  to  combine  with  other  substances.  Witb  oxygon, 
however,  it  combines  readily  at  comparatively  low  temperatures ; 
an  iron  wire  heated  to  dull  redness  is  sufScient  to  inflame  it  in 
the  air.  Unlike  most  other  eombnstible  gases,  it  contmns  no 
hydrogen,  and  therefore  produces  no  water  when  burned ; . 
nothing  but  carbonic  acid  results  from  its  burning. 

Exp.  186. — To  the  apparatiiB  employed  for  evolving  carbonic  oxide 
in  Exp.  184,  attach  a  piece  of  small  glass  tubing  di-itwn  out  at  the  end 
to  a  fioepoint,  and  bent  in  such,  manner  that  astream  of  gas  may  be 
delivered  npwards  from  this  point.  Light  the  gas  hs  it  flows  out  of 
the  tube,,  and  bold  over  the  pale-blue  flame  a  clean,  dry  bottle.    No 
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moisture  will  be  deposited  upon  the  sides  of  tlie  hottle.  That  car- 
bonic acid  has  been  produced  by  the  eombuation,  may  be  proved  by 
pouring  a  litfle  lime-water  into  the  bottle,  and  shaking  it  about  in  the 
gas  therein  contained. 

418.  Carbonic  oxide  is  a  very  powerful  deoxidizing  agent.  At 
high  temperatures  it  ia  capable  of  taiing  oxygen  away  from 
many  of  the  compounds  which  contain  that  element.  Hence  it 
plays  a  very  important  part  in  metallurgical  operations.  Much 
of  the  reducing- action  which  is  commonly  attributed  directly  to 
carbon,  is  really  effected  in  practice  through  the  mediation  of 
carbonic  oxide  gas. 

£xp.  18?.— In  the  middle  of  a  tube  of  hard  glasa,  No.  3,  about  20 
cm.  long,  place  a  gramme  of  black  oxide  of  copper  (CuO) ;  support 
the  tubo  upon  a  ring  of  the  iron  stand  over  the  gaa-lamp,  and  connect 
it  at  one  end  with  a  flask  in  which  carbonic  oxide  is  being  evolved, 
as  in  Exp.  184,  and  at  the  other  with  a  tube  bent  at  a  right  angle  and 
dipping  into  a  bottle  which  contains  lime-water.  After  tlie  tube,  which 
contains  the  oxide  of  copper,  has  i>eeome  full  of  carbonio  oxide,  heat 
it  and  obsei-ve  that  the  oxide  of  copper  is  reduced,  that  metallic  copper 
alone  remains  in  the  tube,  and  that  the  carbonic  acid  formed  has  made 
turbid  the  lime-water  in  the  hottle. 

419.  The  specific  heat  of  carbonic  oxide  is  considerably  greater 
than  that  of  carbonic  acid,  being  0-245,  while  that  of  carbonic 
acid  is  only  0-2103. 

When  a  mixture  of  carbonic  oxide  and  oxygen,  in  the  pro- 
portion of  two  volumes  o£  the  former  to  one  of  the  latter  gaa, 
is  lighted,  it  explodes  with  about  the  same  degree  of  violence  ae 
a  mixture  of  hydrogen  and  oxygen  (§  58),  a  veiy  considerable 
amount  of  heat  being  evolved  in  the  act  of  combination. 

Though  considerable  heat  is  evolved  during  the  union  of  car- 
bonic oxide  and  oxygen,  the  amount  is  much  less  than  that  which 
results  from  the  complete  combustion  of  charcoal  to  carbonic  acid. 
One  gramme  of  carbonic  oxide  disengages  in  burning  2403  units 
of  heat  (§  65),  while  one  gramme  of  wood  charcoal,  in  burning 
to  carbonic  acid,  yields  8080  units.  The  same  amount  of  heat 
(2403  units)  is  reabsorbed  when  the  carbonic  acid,  obtained  by 
burning  one  gramme  of  oarbonic  oxide,  is  again  reduced  to  the 
state  of  oarbonic  oxide.    (Compare  Exp.  181.) 

The  gramme  of  hydrogen  yields,  as  it  unites  with  oxygen, 
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34,462  imita  of  heat;  but  since  carbonic  oxide  is  14  times 
as  heavy  as  hydrogen,  about  the  same  quantity  of  heat  is  deve- 
loped by  the  complete  combustion  of  a  given  volume  of  carbonic 
oxide  as  by  th'it  of  the  same  volume  of  hydrogen, 

420  Carbonic  oxide,  unlike  carbonic  acid,  is  not  decomposed 
when  heated  to  redness  in  contact  with  hydrogen,  charcoal,  iron, 
01  Bine  boduim  and  potassium,  however,  abstract  the  oxygen 
from  this  gas  as  they  do  from  carbonic  acid. 

It  unites  with  chlorine  directly,  under  the  influence  of  sun- 
light, fiiiming  a  gaseous  compound,  the  composition  of  which 
may  be  represented  by  the  formula  COClj.  When  left  for  some 
time  m  contact  with  caustic  potash,  at  the  temperature  of  100", 
it  combines  with  it,  and  there  is  produced  a  compound  known  as 
formiate  of  pdtassiuin  : — 

KHO  +  CO  =  CHKO,. 
It  ia  absorbed  readily  by  solutions  of  the  salts  of  dinoxide  of 
copper  (Cu^O)  in  ammonia-water,  and  by  a  solution  of  dichloride 
of  copper  (Cu^Clj)  in  strong  chlorhydric  acid,  and  con  thus  be 
separated  from  a  mixture  with  other  gases.  Melted  metallic 
potassium  also  absorbs  a  certain  amount  of  carbonio  oxide  and 
combines  with  it. 

421.  Carbonic  oxide  may  be  resolved  into  carbon  and  oxygen 
by  heat  alone ;  but  this  dissociation  occurs  only  under  very  peculiar 
circumstances. 

A  porcelain  tube  is  placed  in  a  furnace  where  it  can  be  raised  to  a 
very  high  temperature ;  the  ends  of  this  tube  project  beyond  the  fur- 
nace and  are  dosed  by  corks;  through  these  corks  passes,  in  the  axis 
of  the  porcelain  tube,  a  very  thin  hrass  tube,  and  each  cork  carries  also 
a  small  glass  tube ;  by  one  of  these  tubes  carbonic  oxide  enters  the  por- 
celain tube,  and  by  the  other  the  producla  of  the  reaction  escape  from 
the  apparatus.  Two  little  screens  of  porcelain  divide  intenially  that 
part  of  the  porcelain  tube  which  lies  in  the  furnace  and  is  to  be  heated, 
from  the  parts  which  project  beyond  the  furnace  end  remain  cool.  A 
rapid  current  of  cold  water  is  made  to  flow  through  the  thin  brass  tube, 
in  such  q^uantitythatin  traversing  the  tube  while  the  furnace  is  in  full 
action  the  water  shall  not  be  sensibly  warmed. 

The  apparatus  being  thus  disposed,  and  the  porcelain  tuhe  heated,  a 
alow  and  regular  current  of  pure  and  dry  carbonic  oxide  is  passed  into 
the  hot  tube.     The  gaii,  aa  it  issues  from  the  tube,  passes  immediately 
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through  a  strong  solution  of  caustic  potaah,  which  will  absorb  tlie  car- 
boaio  acid  formed,  so  that  the  experimenter  can  weigh  the  quantity  of 
acid  praduecd,  or  through  lime-water,  which  will  demonstrate  the  pre- 
sence of  caihonio  acid  by  becoming  turbid.  Caibonic  acid  is  formed 
wlienever  the  porcelain  tube  is  bright-red  hot.  A  portion  of  the  car- 
bonic oxide  is  decomposed  into  oxygen,  which  unites  ivith  another 
portion  of  carbonic  oxide  to  malte  carbonic  acid,  and  carbon,  which  is 
deposited  in  the  condition  of  lampblack  upon  the  cold  brass  tube  which 
traverses  the  hot  porcelwn  tube  from  end  to  end.  The  first  action  c.t 
the  heat  is  fo  set  free  particles  of  carbon  from  the  carbonic  oxide,  and 
all  such  particles  which  happen  to  fasten  upon  the  brass  tube  are  in- 
stantly chilled  down  below  the  tempei'ature  at  which  they  will  either 
unite  with  free  oxygen  on  the  one  hand,  or  reduce  carbonic  acid  on 
the  other. 

We  have  repeatedly  used  the  electric  spark  aa  a  means  of  decom- 
posing compound  gases,  such,  for  example,  as  ammonia  (5  89)  and 
marsh-gas  fj  395),  It  is  supposed  that  it  is  the  intense  heat  of  the 
spark  which  effects  such  decomposition,  and,  in  the  light  of  the  experi- 
ment just  described,  it  seems  probable  that  the  efE.cacy  of  the  spark- 
current  is  due  to  the  fact  that  the  few  particles  of  gas  which  eachspiirk 
heats  intensely  are  immediately  in  contact  with  an  atmosphere  of  gas 
which  is  in  constant  motion  and  is  relatively  very  cold. 

422.  The  compoaitioii  of  carbonic  acid  being  kno^vn,  that  of 
carbonic  oxide  can  readily  be  determined  by  burning  a  ^.  ^ 
dcflnito  volume  of  this  gas  with  an  excess  of  oxygen  in 
a  eudiometer.  If  there  be  introduced  into  the  eudi- 
ometer 

100  volumes  of  carbonic  oxide, 
and  100  „  „  oxygen, 
and  if  through  the  200  „  „  mixed  gases 
an  electric  spark  be  made  to  pa-ss,  combination  will 
occur,  and  the  gas  which  remains  will  occupy  only  150  volumes. 
If  a  small  quantity  of  a  solution  of  caustic  soda  be  now  introduced 
into  the  eudiometer,  all  the  carbonic  acid  which  has  been  formed 
will  be  absorbed;  there  will  remain  only  50  volumes  of  gas, 
which,  upon  examination,  will  be  found  to  be  pure  oxygen. 

If  only  50  volumes  of  the  original  oxygen  aj'e  thus  left  free, 
50  volumes  of  oxygen  roust  have  been  absorbed.  It,  appears, 
then,  that  100  volumes  of  carbonic  oxide  have  united  with  50 
volumes  of  oxygen  to  form  100  volumes  of  carbonic  acid ;  and 
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that  th(!  origiKal  bnlt  of  the  carbonic  oxide  taken  has  remained 
unchanged.  Since  it  is  admitted,  as  we  have  already  seen  !,§  412), 
that  the  product- volume  of  carbonic  acid  contains  2  volumes  of 
oxygen,  it  follows  that  the  double  volume  of  earboiiio  oxide  can 
only  contain  1  volume  of  oxygen— or,  in  other  words,  that  2  vo- 
lumes of  this  gas  contain  1  volume  of  carboE-vapor  and  1  volume 
of  oxygen  united  without  condensation : — 


m 


CO    28 


It  will  he  n  ti  ed  tint  the  addition  of  a  eer  -un  quant  ty  of  Dxy- 
gen  t  a  mejsurol  quanti  y  of  carbonic  dx  le  converts  it  into 
ciibonic  atid  without  changmg  the  oiiginil  measured  volun  e  of 
gTS  ■ftehaie  often  jrepared  compound  gaaea  from  elementaiy 
ga^es  by  this  method  and  m  such  cases  there  is  generally  a 
h  nge  o±  \oiume  We  are  here  however  con^e  tins;  one  com 
pound  gas  into  another  compound  gas  anil  the  pmduct  vol  m  s 
of  all  compound  gases  are  the  sime 

The  specifiL  gravity  or  imit  volume  weight  of  cirboaie  os  de 
ha^  been  found  It  expenm  nt  to  be  13  97 

Fiom  the  weight  of  two  unil^i  olujies  of  cirbonie  o^ide  94 

De i  ict  tlio  weight  ot  one  unit  -lolume  of  osi^en  V" 

There  remiuna  the  weight  of  the  atom  of  carbon  ....  11*1 

This  result  accord.s  very  well  with  the  previously  given  atomic 

weight  of  carbon.     It  will  bo  noticed  that  the  specific  gravity  of 

carbonic  oxide  is  the  same  as  that  of  nitrogen 

423  Combustion — Non  that  ^le  have  become  xcqiiamted  with 
carbon,  hidiugcn,  and  oxygen,  ind  with  some  of  the  more  im- 
portant eompounils  formed  by  the  umoa  of  these  elements,  the 
subject  ot  combustion  can  be  more  fully  discussed  than  has  been 
possible  hitherto  TJnlie  most  of  the  ehtmieal  processes  em- 
ployed hi  man,  whuh  have  foi  thnr  object  the  prepxtation  of 
some  tingible  chemical  compound  or  product,  CDmbustion  is 
resorted  to  mcrelj  foi  the  sake  of  the  heat  or  hght  which  ma- 
dentilly  accompanies  the  chemical  action. 

As  a  general  rule  only  the  compounds  of  carbon  andhjdiogen 
nii  emplojed  as  combustibles— though  there  are  some  eiceptiona 
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t»  this  mle,  aa  when  the  metid  magnesium  is  burned  for  light, 
or  the  heating  of  a  sulphuretted  ore  is  effected  hy  the  combustion 
of  its  own  sulphur.  In  the  manufacture  of  sulphuric  acid,  the 
sulphur-furnace  ia  oft«n  bo  arranged  that  the  beat  from  the 
burning  sulphur  generates  the  steam  necessary  for  the  operation. 
In  the  Bessemer  process  of  making  stcci  from  cast  iron  (§  fi33), 
intense  heat  is  evolped,  partly  by  the  combustion  of  the  carbon 
which  cast  iron  contains,  but  partly  also  by  the  combustion  of 
iron.  The  carbon  compounds  are  peculiarly  well  adapted  to  the 
purpose,  since  the  products  of.  their  combustion  arc  gaseous,  and 
can  therefore  be  readily  removed ;  new  portions  of  the  com- 
bustible are  thus  continually  laid  bare,  and  a  way  opened  for  the 
admission  of  fresh  air. 

424.  In  almost  all  cases  artificial  light  results  from  the  intense 
ignition  of  particles  of  solid  matter  or  of  dense  vapors.  When 
the  heat,  which  is  an  invariable  accompaniment  of  chemical  com- 
bination, can  play  directly  upon  snob  solid  or  semisolid  particles 
with  force  enough  to  ignite  them,  an  exhibition  of  light  will 
accompany  the  chemical  change.  The  bjdrogen-flamo  aifords  no 
light,  or  as  good  as  none,  because  in  it  nothing  but  a  highly 
attenuated  gas  is  heated.  But  when  a  solid  body,  such  as  the 
platinum  wire  or  the  piece  of  lime  employed  in  Expa.  26  and  27, 
is  placed  in  this  non-luminous  hydrogen-flame,  intense  light  is 
radiated  from  the  heated  sohd, 

Exp.  188. — Sprinkle  fine  iron  tilings  into  the  flame  of  an  aleohol- 
iamp,  or  into  the  non-laminoua  flame  of  the  gas-lamp,  aad  observe  the 
light  given  off  by  the  particles  of  metal  as  they  become  incandescent 
while  passing  through  the  flame.  Or  rub  together  two  pieces  of  char- 
coal above  a  non-lmniaoua  flame,  in  such  manner  that  charcoal  powder 
shall  fall  into  the  flame.  Or  rub  the  coat-sleeve  beneath  a  non-lumi- 
nous fiame,  or  even  beneath  the  luminous  flame  of  an  oidinary  Argand 
gas-burner,  and  observe  that  the  particles  of  dnat  detached  become 
incandescent  and  luminous  as  they  pass  upward  through  the  flame. 
Other  things  being  equal,  the  hotter  the  flame  the  more  intense  will 
be  the  Ught  emitted  by  the  ignited  solid. 

425.  In  ordinary  luminous  flames,  such  as  those  of  candles, 
lamps,  and  illuminating  gas,  the  ignited  substance  is  carbon,  or 
rather  a  vapor  or  fog  of  certain  carbon  compounds  containing 
more  or  less  hydrogen. 
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Ecp.  189. — By  means  of  caoutcKouc  tubing,  attach  to  any  small 
gns-buraer  a  piece  of  hard-glass  tubing,  No.  i,  about  20  cm.  long',  the 
outer  end  of  which  has  been  drawn  to  a  fine  open  point.  Open  the 
cock  of  the  gas-burner,  so  that  |ias  may  flow  into  and  throng-h  the  glass 
tube,  and  light  this  gas  as  it  escapes.  When  the  last  traces  of  air  have 
been  expelled  from  the  tube,  heat  the  middle  of  the  latter  intensely 
with  the  fiarae  of  a  lamp.  Part  of  the  transparent  and  colorless  eai'- 
buretted  hydrogen,  of  which  the  illuminating-  gas  consists  (J  S96),  will 
be  decomposed  by  the  beat  as  it  passes  through  the  tube,  just  as  sul- 
phurettfld  hydrogen  fExp,  91),  phosphuretted  hydrogen,  arseniuretted 
hydrogen  (Exp.  1S3),  and  antimoniuretted  hydrogen  (Exp,  1S6)  are 
decomposed  under  like  conditions,  and  a  ring  of  carbon  will  be  depo- 
sited in  the  cold  portion  of  the  tube  a  short  distance  in  iront  of  the 

In  the  open  channel  afforded  by  the  tube  it  is  not  easy  to  heat  the 
whole  of  the  catburetted  hydrogen  to  the  temperature  necessary  for 
its  decomposition ;  but  by  ^ghting  the  gas  as  it  issues  from  the  tube, 
heat  enough  to  decompose  it  can  readily  be  obtained.  Precisely  as  in 
the  combustion  of  wood  (§  378),  after  the  flre  is  once  started  the  com- 
bustible suffers  decomposition ;  the  easily  inflammable  hydrogen  of  the 
gas  bums  first,  and  particles  of  carbon,  or,  at  the  first,  of  hydrocarbons 
rich  in  carbon,  are  set  free.  These  particles  are  heated  to  ignition  by 
the  buming  hydrogen,  and  as  they  pass  up  through  the  flame  emit 
light;  finally  they  are  themselves  completely  burned  to  cai'bonic  acid 
upon  the  outside  of  the  flame,  provided  there  be  present  a  suflieient 
supply  of  air.  That  there  are  really  pariioies  of  free  caihon  in  the 
flame  has  already  been  sufficiently  demonstrated  in  Esp.  154, 

If  the  supply  of  fur  furnished  to  the  llsme  is  insufficient  to  convert 
all  of  the  components  of  the  gas  into  carbonic  aeid  and  water,  then  a 
numhei'  of  the  carbonaceous  particles  will  escape  unburned,  and  a 
smoky  flame  will  be  the  result.  If,  on  the  other  hand,  the  supply  of 
air  is  excessire,  then  all  the  carbon  will  be  burned  at  the  instant  when 
it  is  set  free,  and  no  light  will  be  aftbrded.  In  the  gas-lamps  com- 
monly employed  in  chemical  laboratories  for  purposes  of  heating  (see 
Appendix,  §  5),  illuminating  gas  is  purposely  mixed  with  a  considei-able 
volume  of  air  before  it  is  lighted;  there  is  thus  obtain, d  an  intensely 
hot  non-luminous  flame.  Such  flames  deposit  no  soot  upon  the  vessels 
which  are  heated  in  them ;  moreover  the  heat  which  would  be  con- 
sumed in  heating  the  pai-ticles  of  carbon,  and  so  producing  light,  is  in 
such  flames  utilized  for  heating-purposes. 

.Kvp.  190. — Unscrew  the  tube  /'(Fig.  61)  from  the  gas-lamp  con- 
structed as  described  in  §  5  of  the  Apptndix,  and  light  the  gas  as  it 
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it  the  top ;  tlie  Hame  ■will  be 
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escapes  tmm  tte  holes  in  tte  face  of  tliQ  screw  d;  the  flame  wiU  bo 

luniinoua,  and,  if  the  holes  are  laige  enough  to  permit  a  rapid  exit  of 

gas,  even  smoky.     Extinguish  the  burning  jut,  screw  on  the  tube  /, 

and  relight  the  mixture  of  air  and  gas 

nearly  colorless.   Sometimes,  when  the 

gas-coct  is  too  nearly  closed,  the  flftme 

of  the  mixed  gaa  and  sh  is  liable  to 

pass  do\yn  the  tube  /,  and  igni(«  the 

feeble  jet  of  gas  at  the  apertures  in  d. 

The  lamp  then  bums  with  a  sickly 

yellow  flame,  -which   is  often  tinged 

with  gi'een  coming  from  the  copper  in 

the  heated  brasa  tube  /.     The  lamp 

must  be  extinguished,  and  relit  at  the 

tflp  of  the  tube  with  a  freer  supply  of 

gaa.    When  the  tube/is  in  place,  the  p' 

jets   of  gas,  issuing   vertically   from 

the  face  of  the  screw  d,  draw  in  currents  of  air  through  the  side  holes 

near  the  bottom  of  the  tube/;  this  air  mixes  with  the  gas  rising 

through/,  and  at  the  top  of  this  tube,  where  the  mixture  is  inflamed, 

the  cai'buretted  hydrogen  is  in  intimate  contact  with  air  enough  to 

bum  it  at  once  and  completely. 

Between  the  two  extremes  which,  a  ISunscn  burner  may  be 
thus  made  to  illustrate,  between  a  smoky  flame,  on  the  one  hand, 
and  a  non-luminous  flame,  on  the  other,  there  are  two  points 
which  have  special  significance— the  point  of  most  light,  and  the 
poiiit  of  most  ay j'eeaftZe  light.  Thcpoint  of  most  light  may  always 
bo  hit  upon  by  constructing  such  a  burner  as  will  just  not  allow 
the  gas  to  smoke. 

Exp.  191. — Across  the  top  of  the  chimney  of  an  Argand  gas-burner, 
which  is  burning  with  a  shorter  flame  than  usual,  plaee  several  narrow 
strips  of  tin  or  of  sheet  iron,  so  as  to  obstruct  the  flow  of  air  through 
the  chimney.  The  small,  low  flame  with  which  the  experiment  began 
will  increase  in  size  as  the  access  of  air  is  diminished,  and,  at  last,  the 
whole  interior  of  the  chimney  will  be  filled  with  a  long,  smoky  fiome. 
The  volume  of  gns  burning  at  any  one  moment  of  the  experiment  is  no 
greater  than  at  another,  for  the  cock  which  regulates  the  flow  of  the 
gas  remmns  fixed  and  untouched ;  hut  the  amount  of  light  afforded  by 
the  lai^e  smoky  flame  is  manifestly  greater  than  that  yielded  by  the 
small  bright  flame  with  which  the  experiment  started.  If  any  doubt 
suggests  itself  as  tolhis  point,  it  will  quickly  be  dissipated  by  perform- 
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ing  the  etperinient  in  a  darkened  i-oom  and  noting  the  comparfitiva 
visibility  of  the  more  diataat  ohjects  therein  contained,  first  with  the 
one  flamo  and  then  with  the  other ;  or  the  obseiTor  may  determine  at 
what  distances  from  the  two  flames  fine  print  can  he  deciphered. 

A  murky  flame,  such  as  was  j  ust  now  obtained,  before  actual  smo- 
king'begins,  in  which  the  largest  po^iblo  number  of  the  particles  of  car- 
bon are  heated,  tbougb  none  of  them  ai'e  heated  very  hot,  yields  the 
largest  amount  of  light  which  the  particular  sample  of  gaa  under  esa- 
minatioB  is  capable  of  aiibrding.  Such  flames  are  called,  technieallj, 
quantity  flames;  tbey  aie  better  adapted  than  any  others  for  lighting 
streets  and  large  balls.  In  practice,  such  flames  are  obtained  by  burn- 
ing the  gas  at  a  low  pressure,  that  is,  under  such  conditions  that  it 
sbaU  be  very  gently  pressed  out  into  the  air,  so  that  air  shall  mix  with 
it  and  act  upon  it  but  slowly. 

But  besides  this  point  of  the  maximum  amount  of  light,  there 
is  another,  of  tho  most  agreeable  light ;  and  this  is  something 
which  each  individual  must  determine  for  himself.  Few  persons 
would  i-hoose  us  a  ^tudy-lamp,  either  the  murky  flame  of  Exp. 
191,  or  the  intense  lime-light  of  Exp.  27 ;  but  between  these  two 
extremes  no  one  light  is  likely  to  suit  many  people  equally  well. 

If  a  bnght  intenuty  fiame  is  required,  we  have  only  to  arrange 
matters  in  such  a  way  that  air  may  come  to  the  gas  so  quickly 
and  abundantly  that  a  portion  of  the  carbon  in  the  gas,  as  well 
as  the  hydrogen,  ah  ill  be  humed  at  once  in  the  lower  part  of  the 
flame,  and  by  the  heat  of  its  combustion  ignite  more  intensely 
the  remimmg  particles  of  carbon.  Among  the  very  great  num- 
ber of  g's-burners  which  have  been  devised,  there  may  he  found 
thoie  adapted  to  meet  almost  any  requirement.  Each  kind  of 
burner  brings  the  gas  and  the  air  int«  contact  with  one  another 
in  some  special  ^<iy,  producing  a  flame  of  convenient  shape,  of 
peculiar  economy,  or  of  particular  steadiness  or  brillianey.  It  is 
obvious  that  the  conditions  under  which  gas  is  most  advanta- 
geously burned  are  different  for  different  uses,  and  that  no  one 
burner  can  be  equally  available  under  such  varying  and,  in  some 
sense,  antagonistic  conditions.  The  Argand  burner  may,  perhaps, 
be  made  to  fulfil  as  many  of  these  conditions  as  any  other;  from 
it  there  may  he  obtained,  at  will,  either  an  intensity  or  a  quantity 
flame,  as  has  been  shown  in  Exp.  191, 

426.  The  chemical  composition  of  the  gas  to  be  burned  is,  of 
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course,  an  important  point  to  be  considered  in  the  constructioii 
of  the  burner.  A  gas  rich  in  carbon  requires,  for  its  combustion, 
far  more  air  than  gas  which  is  : 


£.fp.  192. — Place  three  Bmall  tufts  of  cotton  upon  an  eoi'then  plate; 
moisten  one  with  alcohol,  another  with  petroleum,  and  the  third  with 
benzin;  touch  a  lighted  match  to  the  vapor  whidi  arises  from  each. 
In  the  one  ease  there  will  be  seen  hardly  any  luminous  particles  of 
oiiibon,  in  the  second  a  bright  light;  and  in  the  third  so  much  carbon 
will  be  set  free  that,  under  the  conditions  of  the  experiment,  a  great 
deal  of  iteamiot  findair  with  which  to  unite,  and  conseq^uently  escapes 
as  emuke. 

The  composition  of  alcohol  may  be  represented  by  the  formula 
OjHjO  i  it  contains  a  large  proportion  of  hydrogen  and  some  oxygen ; 
hence  steam  is  neceasarilyproducedwhen  it  bums;  this  steam  spreads 
or  dlffusea  the  flame,  and  promotes  the  prompt  union  of  the  alcohol 
vapor  with  the  osygen  of  (he  air,  so  that  few  carbonaceous  particles 
have  time  to  become  incandescent  before  they  ore  consumed.  But  in 
henzin,  the  formula  of  which  may  be  written  0,Hj,  there  is  no  osygen, 
end  a  far  larger  proportion  of  carbon  then  in  alcohol;  hence. the 
necessity  of  supplying  a  large  amount  of  air  to  the  lamps  in  which  ite 
vapor  ia  burned.  The  best  way  of  consuming  benzin  is  to  mix  its 
vapor  with  air  in  suitable  proportions,  and  to  press  this  mixture  through 
a  gas-burner  as  if  it  were  ordinary  illuminating  gas.  When  thus 
treated,  it  bums  without  smoke,  and  affords  a  bi'ilhant  white  light. 
Petroleum  (CjHj),  like  henzin,  contains  no  oxygen,  but  it  contains  far 
less  carbon  than  henzin,  though  much  more  than  alcohol;  it  does  not 
smoke  like  henzin,  and  yet  it  smokes  so  much  that  it  cannot  readily  be 
burned  from  a  simple  wick;  it  ie  commonly  burned  in  lamps  provided 
with  a  special  di'aught  of  air. 

427.  Ordinary  lamps  and  candles  are,  strictly  speaking,  gas- 
lampa.     In  all  cases  their  flames  are  composed  of  burning  gas. 

£xp.  103. — Construct  ft  lamp  as  follows: — To  a  wide-mouthed  bottle 
of  the  capacity  of  about  50  c.  c.  tit  a  cork  loosely;  bore  a  hole  in  the 
cork  and  place  therein  a  short  piece  of  glass  tubing,  No.  3,  open  at  both 
ends;  through  this  glass  tube  draw  a  piece  of  lamp-wickiug,  orany 
loose  twine,  long  enough  to  reach  to  the  bottom  of  the  bottle.  It  is 
essential,  either  that  the  cork  should  lit  the  bottle  loosely,  or  that  there 
should  be  a  hole  in  the  cork,  in  order  that  the  pressure  of  the  external 
air  may  act  upon  the  surface  of  the  alcohol ;  to  this  end  a  very  small 
glass  tube  may  be  inserted  in  the  cork  at  some  distance  from  the  tube 
which  carries  the  wick.    Fill  the  bottle  nearly  full  with  alcohol,  and, 
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ftfterafewmmnteSjtonchalightedmatch  to  the  topof  thD-wick.  The 
fluid  alcohol  b  drawn  np  out  of  the  bottle  by  the  capillary  attraction 
exercised  by  the  poraa  of  the  vegetable  fibre  of  which  the  wick  is  com- 
posed. When  heat  is  applied  tfl  the  alcohol  at  the  top  of  the  wick, 
some  of  it  is  converted  into  vapor;  this  vapor  then  takes  fire,  and,  in 
burning,  fiimishes  heat  for  the  vaporization  of  new  portions  of  the  al- 
cohol. From  the  top  of  the  wick  there  is  constantly  aiising  a  eolumn 
of  gas  or  vapor,  and  upon  the  exterior  of  this  conical  column  chemical 
combination  is  all  the  while  going  on  between  ita  constituents  and  the 
oxygen  of  the  air.  The  dark  central  portion  of  the  alcohoi-flnme  is 
nothing  but  gas  or  vapor. 

Exp.  194. — Thrust  the  phosphorus  end  of  an  ordinary  fiiction-match 
directly  inf«  the  middle  of  tho  flame  of  the  alcohol-lamp  of  Esp.  193. 
The  eombuatible  matter  upon  the  end  of  the  match  will  not  t^e  fire 
in  the  atmosphere  of  carbonaceous  gases  of  which  the  centre  of  the 
flame  consists.  !rhe  wood  of  the  match-stick,  of  course,  takes  Are  at 
the  point  where  it  is  in  contact  with  the  outer  edge  of  the  flame,  for 
it  is  there  heated  in  contact  with  air.  In  withdrawing  the  match  from 
the  middle  of  the  flame,  it  is  not  easy  to  prevent  it  from  taking  fire  as 
it  passes  through  the  outer  edge  of  the  flame ;  for  the  materials  on  the 
tip  of  the  match  have  been  bo  strongly  heated  by  radiation,  during 
their  sojourn  within  the  circle  of  fire,  that  they  are  now  ready  to  burst 
into  flame  immediately  on  coming  in  contact  with  the  air;  by  a  quick 
jerk,  however,  the  match  may  often  be  withdrawn  from  the  flame 
without  taking  fire. 

Exp.  195.— Hold  a  thin  wire  (best  of  platinum,  fliough  iron  will 
answer  well  enough)  or  a  splinter  of  wood  across  tlic  (litire  of  an  alco- 
hol-lamp, as  shown  in  Fig.  62.  The  wire  will  be  htated  to  Fig.  62- 
redness,  and  the  wood  will  bum,  only  at  the  outer  edges  of  , 

the  flame  where  the  gas  and  air  meet;  in  the  interior  of  the         A 
flame  the  wire  will  remain  dark  and  the  wood  unbumed ;  for         u)} 
there  ia  no  combustion  there,  and  comparatively  liltle  heat.        ij\ 
If  the  wire  be  successively  placed  at  dJRerent  heights  in  the  ^lA^^ 
flame,  the  size  aud  siiapa  of  the  internal  cone  of  gas  can   V^g/ 
easily  be  made  out ;  it  will  appear,  moreover,  that  the  hottest     ^~— ^ 
part  of  the  flame  is  just  above  the  top  of  the  interior  cone  of  gas.     As 
a  rule,  when  glass  tubing,  or  the  like,  is  to  be  heated  in  a  flame,  it 
should  never  be  placed  below  this  point  of  the  greatest  heat. 

428.  The  flame  of  an  ordinary  oU-lamp  or  of  a  petroleum- 
lamp,  in  tke  same  way  as  the  flame  of  an  alcohol-lamp,  is  com- 
posed of  an  inner  cone  of  gas,  or  vapor  of  hydroi^rbons,  and  an 
envelope  ■where  chemical  combination  is  going  on;  and  a  candle- 
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flame  is  really  the  flame  of  an  oil-lamp  {Exp.  196).  The  pre- 
Beiice  of  vapor  in  the  candle-flame  can  be  readily  ehowii  (Exps. 
197,  198).  In  the  candle-flamo,  as  iu  that  of  tho  alcohol-lamp, 
thero  is  a  eone  of  unbumt  gas  surrounded  hy  a  shell  of  burning 
Bubstances  (Exps.  199,  200). 

Exp.  193. — Touch  ft  lighted  match  to  the  wick  of  a  new  candle ;  the 
cotton  of  which  the  wick  is  composed  takes  fire  and  is  at  once  con- 
sumed for  the  most  part ;  but,  inhuming,  the  cotton  g'ivea  off  consider- 
able heat,  and  some  of  the  wax  or  tallow  of  which  the  candle  is 
composed  is  thereby  melted  and  converted  into  oil.  The  liquid  oil 
ascends  the  wick  by  virtue  of  capillary  attraction,  and  is  converted  into 
vapor  or  gas  by  the  heat  of  the  cotton  stiil  burning  at  the  stump  of  the 
wick ;  this  gaa  then  burns  precisely  like  the  alcohol  Taper  in  Exp.  193 
or  the  illuminating  gas  in  Exp.  189,  and  by  the  heat  thus  disengaged 
newportions  of  was  or  tallow  are  continually  melted.  There  is  always 
a  little  cup  of  oil  at  the  top  of  the  rod  of  wax  or  tallow  of  which  the 
candle  consists,  and  the  apparatus  is  as  truly  an  oil-lamp  as  if  the  oil 
were  held  in  a  vessel  of  glass  or  metal. 

Exp.  197.— Let  a  candle,  best  of  fallow,  burn  until  the  snutF  has 
become  long;  blowouttheliarae,andobserve  the  cloud  of  vapor  which 
ascends  from  the  hot  wick.  Touch  a  lig-hted  match  to  this  column  of 
vapor,  and  notice  that  it  takes  fire  at  some  little  distance  from  the  wick. 
After  the  ilame  has  been  extinguished,  the  wick  retains  heat  enough 
for  a  few  momenta  to  distil  off  a  quantity  of  gas,  although  there  is  not 
heat  enough  generated  tfl  inflame  this  gas.  To  the  gas  or  vapor  thus 
evolved  ia  to  be  referred  the  disagreeable  odorwhich  is  observed  when 
a  candle  is  blown  out. 

Exp.  198.— Draw  a  glass  tube  (No.  5  or  6)  10  or  15  e.m.  long  to  a 
moderately  fine  open  point ;  with  a  piece  of  wire  bind  this  tube  in  xa 
inclined  position  to  a  ring  of  the  iron  stand,  and  place  the  lower  end 
of  the  tube  in  the  middle  of  a  candle-flame,  just  below  the  centre,  so 
that  a  portion  of  the  gas  of  the  inner  cone  of  the  fiame  may  escape 
through  the  tube;  light  the  gas  at  the  point  at  the  top  of  the  glass 
tube,  and  observe  that  it  will  barn  thei'e  steadily,  if  the  experiment  ia 
perlerraed  in  a  quiet  place  where  there  are  no  draughts  of  mr. 

Exp.  199. — Press  down  a  piece  of  white  j'jg.  63. 

letter-paper,  for  an  instant,  upon  the  flame  r~~~ .. 

of  a  candle  until  it  almost  touches  the  wick,         /    ^"^^  / 

then  quickly  remove  the  paper  before  it     /       ^fcw^       / 

takes  fire,  and  observe  that  its  upper  snr-  ^ ^ 

face  is  charred  in  the  manner  shown  in  Kg.  63.  There  will  be  ob- 
tained, in  fact,  burned  into  the  paper,  a  diagram  of  the  cylindrical 
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column  of  innlMnit  gaa  and  of  the  atell  of  binning  mstter  -wHcTi  snr- 
rouudsit.  Wittin  the  charred  rin^  the  paper  is  imactod  upon;  foi 
that  part  of  it  was  in  contact  only  with  the  unhumt  giis  in  the  centre 
of  the  flame. 

Exp.  200.— Replace  the  paper  of  Exp.  199  with  a  strip  of  glass,  so 
held  that  the  conical  flama  of  the  candle  shall  he  cut  across  horizon- 
tally hy  the  glass  aa  it  was  by  the  paper  in  Exp.  199.  Look  down 
from  above  through  the  glass  into  the  hollow  cylinder  of  unbumt  gas 
within  the  circle  of  combustion. 

429.  In  any  flame,  which  is  rendered  luminous  by  incandescent 
carbonaceous  particles,  tkree  portions  can  be  distin-  -pj^  q^ 
guished : — 1st,  the  dark  interior  cone  of  gaa,  a,  Fig.  64 ; 
2nd,  the  zone  of  intense  okemioal  action,  6,  where  the 
hydrogen  is  burning  and  the'ciirbonaccous  particles  are 
heated  to  whiteness ;  and,  finally,  upon  tho  very  outside 
a  thin,  scarcely  perceptible  film  of  burning  carbonic 

430.  From  the  study  of  luminous  flames  wo  pass  to 
a  consideration  of  flames  employed  only  aa  sources  of 
heat.  In  the  experiments  (25-27)  with  the  oxyhydro- 
gen  blowpipe,  it  has  been  abeady  shown  that  a  very 
intense  heat  may  be  obtained  by  throwing  oxygen  into 
the  hydrogen-flame,  and  so  locaKzing  the  chemical  action  and  the 
heat  with  which  this  action  is  accompanied.  The  subject  may 
be  here  conveniently  studied  by  employing  coal-gas  and  air  in 
place  of  hydrogen  and  oxygen. 

Exp.  201.— Ml  one  gas-holder  with  air,  and  screw  to  it  a  metallic 
JBt,  sueh  as  is  shown  in  Fig.  65.     Fill  another  g-as-holder  with  ordi- 
nary illuminating  gas  and  connect  the  opening  of  this  gas-holder  with 
Fi^.  m. 


the  lower  opening  of  the  metallic  jet.  Open  the  cook  of  the  holder 
which  contains  the  coal-gas,  and  inflame  the  gas  at  the  point  of  the 
metallic  jet.    There  will  he  thus  obtained  a  long  stream  of  gas  burn- 
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Ing  at  the  expense  of  the  air  which  bathes  its  surface.  The  chemical 
action  between  the  oxygen  of  the  air  and  the  eonslituenta  of  the  coal- 
gaa,  and  the  heat  resulting  fi'om  this  action,  are  ditiiised  over  the  entire 
surface  of  this  long  flame.  Without  touching  the  cock  of  the  holder 
which  contiwna  the  ooal-gaa,  or  Id  any  way  altering  the  amount  of  gaa 
which  flows  out  of  this  holder,  open  the  cock  of  the  holder  which  con- 
tains air,  so  that  air  may  be  thrown  into  the  middle  of  the  coal-gas 
flame.  The  latter  will  be  immediately  shortened  down  to  almost 
nothing.  The  constituents  of  the  coal-gas  will  now  all  combine  with 
oxygen  in  a  very  small  space,  and  the  heat  of  combination,  which  was 
diffused  before,  will  be  coiTespondingly  concentrated.  It  is  much  the 
same  as  if  the  coal-gas  and  the  air  had  been  mixed  together  beforehand 
and  then  lighted.  Indeed,  in  one  of  the  first  forms  of  the  oxyhydro- 
gen  blow-pipe,  a  mixture  of  the  two  gases,  such  as  we  have  exploded 
in  Exp.  30,  was  first  prepared,  and  then  forced  out  of  a  single  gas- 
holder of  peculiar  construction,  provided  with  an  exceedingly  minute 
orifice,  at  the  mouth  of  which  the  mixed  gases  were  burned.  This 
apparatus  was  inconvenient  and  dangerous,  and  has  long  since  been 
superseded ;  but  it  weU  illustrated  the  local  concentration  of  heat  now 
under  discussion. 

431.  The  principle  of  the  common  mouth-hlowpipe,  of  the 
glass-blower's  lamp  (Appendix,  §  6),  and  of  all  blasts  and  blowers, 
is  identical  with  that  of  the  oxyhydrogen  blowpipe,  which,  as  has 
been  already  stated  (§  55),  is  the  simplest  of  all  intense  and  con- 
centrated combustions.  Air,  or  more  strictly  speaking,  oxygen, 
is  thrown  into  the  combustible  gas  or  fuel,  in  order  that  the  com- 
bustion may  go  on  in  a  small  space. 

The  mouth-blowpipe  may  be  used  with  a  candle,  or  with  any 
hand-lamp  proper  for  burning  oil,  petroleum,  or  any  of  the  so-called 
burning-Jltiith,  provided  that  the  form  of  the  lamp  below  the  wick- 
holder  is  such  as  to  permit  the  close  approach  of  the  object  to  be 
heated  to  tlie  side  of  the  wick.  When  a  lamp  is  used,  a  wick  about 
1-2  cm.  wide  and  0'5  cm.  thick  is  more  convenient  than  a  round  or 
narrow  wick ;  a  wick  of  this  sort,  though  hardly  so  wide,  is  used  in 
some  of  the  open  burning-fluid  (naphtha)  lamps  now  in  common  use. 
The  wick-holder  should  be  Wed  off  on  its  longer  dimension  a  little 
obliquely,  and  the  wick  cut  parallel  to  the  holder,  in  order  that 
the  blowpipe-flame  may  be  directed  downwards  when  necessai-v 
(Fig.  67). 

The  cheapest  and  best  form  of  mouth-blowpipe  for  chemical  pur- 
poses is  a  tube  of  tin-plate,  about  18  cm.  long,  2  cm.  broad  at  one  end, 
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and  tftpering  to  0"7  cm.  at  the  other  (Fig.  f 
dosed,  and  a  little  ahove  this  closed  end 
a  small  cyJindricBl  tube  of  brass  about  fi 
cm.  long  is  soldered  in  at  tight  angles ; 
this  brass  tube  is  slightly  conical  at  the 
end,  and  carries  a  small  nozzle  or  tip, 
which  may  be  made  either  of  brass  or 
platinum.  The  tip  should  be  dnlled  out 
of  a  solid  piece  of  metftl,  and  shoold  not 
be  fastened  upon  the  brass  tube  with  a 
screw.  A  trumpet-shaped  mouth-piece 
of  horn  or  box-wood  is  a  convenient^ 
thoucjh  by  no  means  essential,  addition  to 
this  blowpipe. 

Exp.  202. — To  use  the  mouth  blowpipe,  place  tha  open  end  of  the 
tin  tube  between  the  lips,  or,  ifthe  pipe  is  providcLl  with  a  mouth-piece, 
press  the  trumpet-shaped  mouth-piece  against  the  lips ;  fill  the  mouth 
with  tar  till  the  cheek?  are  widely  distended,  and  insert  the  tip  in  the 
flame  of  a  lamp  or  candle ;  close  the  communication  between  the  lungs 
and  the  mouth,  and  force  a  current  of  air  through  the  tube  by  scjueez- 
ing  the  aiv  in  the  mouth  with  the  muscles  of  the  cheeks,  breathing,  in 
the  meantime,  regularly  and  C[uietly  through  the  nostrils.  The  knack 
of  blowing  a  steady  stream  for  scTei-al  minutes  at  a  time  is  readily  ac- 
quired by  a  little  practice.  It  will  be  at  once  observed  that  the 
appearance  of  the  flame  varies  considerably,  according  to  the  strength 
of  the  blast  and  the  position  of  the  jet  with  reference  to  the  wick. 

When  the  jet  of  the  blowpipe  is  inserted  into  the  middle  of  a 
candle-flame,  or  is  placed  in  the  iamp-flame  in  the  position  shown  in 
Figure  67,  and  a  strong  blast  Yv.  (i7. 

is  forced  through  the  tube,  i 
blue  cone  of  flame,  a6,  is  pro 
dnced,  beyond  and  outside  of 
which  stretches  a  more  or  less 
colored  outer  cone  towards  c. 
The  point  of  greatest  heat  in 
this  flame  is  at  the  point  of 
the  inner  blue  cone,  because 
the  combustible  gnses  are  there  supplied  with  juat  the  quantity  of 
osygen  neceassry  to  consume  them ;  hut  between  this  point  and  the 
extremity  of  the  flame  the  combustion  is  coneentraied  and  intenie 
The  greater  part  of  the  flame  thus  produced  is  oxidking  in  its  effect ; 
and  this  flame  is  technically  called  the  oitdkiag  Jlame     Fiom  the 
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3,  the  heat  of  the  flame  diminishes  in  both 
i  one  hand,  and  towards  c,  on  the  other; 
most  subatances  require  the  temperature  to  be  found  between  a  and  c. 
Oxidation  takes  place  most  rapidly  at,  or  just  beyond,  the  point  c  of 
the  flame,  provided  that  the  temperature  at  this  point  is  high  enough 
for  the  special  substance  to  be  heated. 

A  flame  of  precisely  the  opposite  chemical  effect  may  be  produced 
with  the  blowpipe.  To  obtain  a  good  ceifocH!?  flame,  it  is  nece'^ary 
to  place  the  lip  of  the  blowpipe,  notwithin  but  juat  outsidp  ot  the 
flame,  and  to  blow  rather  over  than  through  the  middle  of  the  flame 
(Fig.  C8).  In  this  manner,  the  flame  la  leas  altered  in  its  general 
character  than  in  the  former 
case,  the  chief  part  consisting    -jk^^  '" 

of  a  large,  luminous  cone,  -HU^^ 
containing  carbonaceous  va- 
pors in  a  state  of  intense  igni- 
tion and  just  in  the  condition 
for  taking  up  osygen.  This 
flame  is  therefore  rediiciiic/  in 
its  efiect,  and  ia  technically 
called  the  rediifmg  flame.  The 
substance  which  ia  to  be  reduced  by  exposure  to  this  flame  should  be 
completely  covered  up  by  the  luminous  cone,  so  that  contact  with  the 
air  may  be  entirely  avoided.  It  is  to  be  observed  that,  whereas  to  pro- 
duce an  effective  oiddiiing  flame  a  strong  blast  of  air  is  desirable,  to 
get  a  good  reducing  flame  the  operator  should  blow  gently,  with  only 
enough  force  to  divert  the  lamp-flame. 

Substances  to  be  heated  in  the  blowpipe -flame,  ere  supported,  some- 
times on  charcoal,  sometimes  on  platinum  foil  or  wire  or  in  platinum 
spoons  or  forceps,  and  sometimes  on  little  eapaulea  made  of  clay  or 
bone-earth.  Charcoal  is  especially  suited  fora  support  in  experiments 
of  raduclion. 

Exp.  203. — The  heat  of  the  oxidizing  flame  may  be  well  shown  by 
melting  the  extremity  of  a  very  fine  platinum  wire  into  a  little  ball 
To  effect  this  fusion,  bend  the  wire  at  right  ang^eaatfitoS  m.m.  irom 
the  end,  and  hold  this  hent  end  precisely  in  the  axiaof  the  danie,  with 
the  angle  outward  and  the  extremity  of  the  wire  at  the  hottest  part  of 
the  flame.  If  the  wire  is  kept  steadily  in  position,  and  the  blast  is 
strong  and  the  flame  pure,  a  little  knob  wili  soon  appear  on  the  end  of 
the  wire.  The  bend  in  the  wire  is  made  in  order  to  keep  a  certain 
lenglhofthe  wirehot,  ande^todiminiahthe  conduction  of  heat  from 
the  point 
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Exp.  204.— Place  a  kernel  of  metallic  tin,  bs  laa^e  as  this  O,  in  a 
little  hollow  scooped  out  at  one  end  of  3  Ht  of  charcoal  8  to  12  c.m. 
long.  Melt  this  tin  in  the  reducing  iiame  of  the  blowpipe,  and  en- 
deavour  to  preserve  the  metallic  lustre  of  the  fused  metal  untarnished. 
A  pure  reducing  flame  is  necessary  for  this  purpose.  A  touch  of  the 
oxidizing  fiame  upon  tbe  metal  covers  its  surface  with  a  wbite,  infu- 
iible,  incandescent  ash. 

432.  Another  method  of  supplying  the  buming  fuel  with  air 
ia  bj-  means  of  chimneys.  Chimneys,  whether  of  lamps  or  fur- 
naces, are  KJmply  devices  forbringingairin  abimdance,  and  thei-e- 
fore  oxygen,  into  the  fii-e  ;  that  in  so  doing  they,  at  the  same  time, 
carry  off  the  waste  products  of  combustion,  is  an  incidental  ad- 


Exp.  20^.-— Light  a  piece  of  a  candle  8  or  10  c.m,  long  and  stand  it 
upon  ft  smooth  table  ;  over  the  candle  place  a  rather  tall,  narrow  lamp- 
chimney  of  glass,  the  bottom  oi  the  chimney  being:  made  to  rest  upon 
the  table,  and  obsene  that  the  candle-tiame  will  soon  be  extinguished. 
No  fresh  air  can  enter  the  chimney  from  below  to  maintwn  the  che- 
mical action,  and  the  small  quantity  of  air  which  can  creep  down  the 
chimney  from  above  is  altogether  insufficient  to  meet  the  requiremecta 

Exp.  206.— Eelight  the  candle  of  Exp.  205,  and  again  place  over  it 
the  lamp-chimney ;  but  instead  of  allowing  the  chimney  to  rest  closely 
upon  tie  surface  o;  the  table,  prop  it  up  on  two  narrow  strips  of  wood, 
BO  that  iu.r  can  have  free  entvanca  into  the  chimney  ftom  below.  The 
candle  wiU  now  continue  to  bum  ireely;  for  the  heavy  cold  air  outside 
will  continually  press  into  the  lower  part  of  the  chimney,  and  push 
out  the  warm,  light  products  of  combustion,  and  the  candle-flame  will 
all  the  while  be  supplied  with  fresh  air, 

Exp.  207. — Prepare  several  strips  of  "  ni- 
tre-paper "  by  soaking  ordinaij  brown  paper 
in  a  strong  solution  of  nitrate  of  potassium 
and  drying  the  product    On  being  lighted, 
paper  thus  prepfu^  will  burn  without  flame 
while  emitting  clouds  of  smoke.    Light  a 
piece  of  the  nitre-paper  and  pl^  it  at  tl 
foot  of  the  chimney  arranged  as  in  Fig.  6 
The  smoke. of  the  buming  paper  will  i: 
stantly  pass  up  through  the  chimney,  and 
eo  indicate  the  diiection  of  the  invisible  a; 
-which  is  all  the  while  entering  below  and 
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paasing  out  above  at  tiie  top  of  the  cliiiniiey,  as  fast  as  it  is  heated  and 
made  lig'htet  by  the  burning  of  the  candle. 

JHzp.  208.— Repeat  Exp.  206,  and  when  the  candle  is  burning 
quietly,  cover  the  top  of  the  chimney  tightly  with  a  piece  of  tin  or 
sheet-iron,  or  with  a  strip  of  window  giaas ;  the  candle  will  soon 
cease  to  bum,  precisely  as  if  the  chimney  wete  closed  at  the  bottom, 
tor,  the  escape  of  the  hot  products  of  combustion  being  prevented,  no 
Bir  can  pass  into  the  chinmej  to  reach  the  candle-flame. 

It  is  by  inducing  the  current  of  freah  air  (Esp.  206),  or  draught,  as 
it  ia  ordinarily  termed,  that  chimneys  are  speciajly  iKeful.  They  give 
direction  and  precision  both  to  the  incoming  cold  air  and  the  outgoing 
hot  gas.  "Where  there  ia  no  chimney,  the  hot  wr  from  a  lamp  goes  off 
at  a  comparatii  ely  slow  rate,  and  vaguely ;  through  the  chimney,  on 
the  other  hand,  it  flows  straight  forward  and  rapidly,  and,  of  course, 
a  correspondingly  direct  and  rapid  current  of  fresh  (ur  presses  in 
to  snpp}y  its  place  Owing  to  thi'j  power  nf  rapidly  supplying  air, 
cliimneya  are  employed  upon  lamps  burning  petroleum  and  other 
higiily  cs-rbonized  oils  which  are  liable  to  smolio ,  in  general  they 
are  made  use  of  upon  lamps  in  all  cases  where  intensity  flames  are 
re([uired. 

S!xp.  209. — It  is  not  absolutely  necessary  that  the  fresh  air  should 
flow  into  a  chimney  from  below  Divide  the 
upper  part  of  the  chimney  of  E\p,  2()6,  mto 
two  channels,  by  hanging  in  it  a  strip  of 
aheet-iron  or  tin,  as  a  partition  at  the  centre 
of  the  chimney.  (See  Fig.  70.)  Place  the 
chimney  thus  divided  over  a  burning  candle, 
and  observe  that  the  candle  will  continue  to 
burn  as  if  in  a  strong  draught  of  air,  although 
no  air  can  enter  the  chimney  from  below. 
Hold  a  piece  of  burning  nitre-paper  (Esp. 
207)  at  1jie  top  of  tie  divided  chimney ;  the 
smoke  will  be  drawn  down  into  the  cJiimney  I 
on  one  side  of  the  partition  and  thrown  out 
again  upon  the  other,  as  indicated  by  the  arro 

pears  fram  this,  as  well  as  from  the  tremulous  motion  of  the  flame, 
that  a  current  of  cold  air  passes  down  upon  one  side  of  the  division 
wall  and  supplies  the  required  osygen. 

433.  One  exceedingly  important  point  in  cheijiical  philosophy 

which  we  have  hitherto  taken  for  granted,  may  now  be  readily 

illustrated.     As  the  result  of  long- continued  experimentation  and 

the  moat  rigid  scrutiny  of  all  chemical  facts,  it  is  admitted,  as  a 
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fundamental  tnith,  that  matter  is  indestructible.  When  sttb- 
stances  undergo  chemical  change,  none  of  their  ingredients  are 
really  destroyed,  not  an  atom  of  them  is  annihilated  ;  nor,  upon 
the  other  hand,  is  any  new  matti.'r  created ;  it  is  the  form  only  of 
the  old  substances  which  is  changed;  their  weight  remains  in 
every  ease  unaltered. 

By  bringing  about  chemical  combination  between  two  or  more 
bodies,  we  can  entirely  change  their  appearance,  their  condition, 
and  their  properties,  but  in  every  case  it  will  be  found  that  the 
weight  of  the  resulting  compounds  is  precisely  equal  to  the  sum 
of  the  weights  of  their  components.  Thus,  when  a  candle  hums 
in  the  air  and  gradually  disappears,  none  of  the  elements  which 
compose  it  are  either  lost  or  destroyed.  Though  by  uniting  with 
the  oxygen  of  the  air,  the  components  of  the  candle  have  been 
converted  into  compounds  which  are  invisible,  it  is  nevertheless 
easy  to  satisfy  ourselves  of  the  existence  of  these  compounds. 
Already,  in  Exps.  167, 168,  it  has  been  demonstrated  that  carbonic 
acid  and  water  are  products  of  the  combustion  of  the  candle ;  and 
we  now  proceed  to  show  that  these  products  weigh  more  than  the 
candle. 

Exp.  210.— Take  a  glass  tube  2  or  S  cm,  in  diameter  and  25  or  30 
cm.  long,  such,  for  example,  as  tie  neck  of  a  broken  retort;  fit  a  cork 
to  each  extremity  of  the  tube,  and  at  a  distance  of  6  or  8  cm.  from  its 
upper,  wider  end,  fix  across  the  tube  a  pai'tition  of  wire  gauze.  Through 
the  upper  cork  insert  a  glass  tube,  No,  3  or  4,  bent  at  a  right  angle, 
tmd  in  the  lower  cork  bore  several  open  holes,  beaides  a  central  orifice 
into  which  a  small  wax  taper  is  fastened.  Fill  the  space  between  the 
upper  cork  and  the  shelf  of  wire  gauze  with  recently  slaked  lime,  in 
not  too  fine  powder ;  replace  the  cork,  hang  the  tube,  with  its  contents, 
at  the  end  of  one  arm  of  a  balance,  and  couutei-poise  the  apparatus 
precisely  by  placing  shot  or  sand  in  the  pan  upon  the  other  side  of  the 
scales.  Next  make  an  "  aspirating  flask,"  by  fitting  to  the  upper  ori- 
fice of  a  bottle  with  a  stopcock,  such  as  is  depicted  in  the  upper  part  of 
Eg.  xvii.  in  the  Appendix,  a  sound  cork,  carrying  a  glass  tube.  No,  3 
or  4;  the  tuba  sbould  reach  to  the  bottom  of  the  bottle  and  be  bent  at 
a  right  angle  a  short  distance  above  the  cork. 

Bymeans  of  flexible  tubing,  connect  the  upper  tube  of  the  aspirating 
flask  with  the  tube  issuing  from  the  upper  cork  of  the  apparatus  upon 
the  balance,  and  open  the  stopcock  of  the  aspirator  to  such  an  extent 
that  water  shall  flow  out  from  it  slowly.    Bemove  the  lower  cork  from 
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the  apparatus  upon  the  balance,  in  oi'der  to  light  tho  taper,  then  quicHy 
replace  it  and  rpguktc  the  flow  of  water  from  the  aspirator,  ao  that 
Bufficient  air  shall  be  drawn  in  through  the  holes  in  ihu  cork  which 
Bupporta  the  taper  to  maintain  the  latter  in  lively  combustion. 

After  the  taper  has  burned  during  4  or  6  minutes,  close  the  aspirator, 
remove  the  flesible  tube  from  the  candle  apparatus,  so  that  the  latter 
may  again  hang  freely  from  the  arm  of  the  balance,  and  observe  that 
the  weight  of  the  apparatus  is  now  greater  than  it  was  at  the  begin- 
uiag  of  the  experiment,  for  the  lime  within  tie  tube  has  absorbed  the 
carbonic  acid  and  water  which  were  produced  by  the  combination  of 
the  ingredients  of  the  candle  with  the  oxygen  of  the  air. 

434,  In  order  that  any  combustible  substance  shall  bum,  or, 
in  other  words,  in  order  that  brisk  chemical  action  shall  occur 
between  the  combustible  and  the  oxygen  of  the  air,  it  must  first 
be  heated  to  a  certain  temperature,  and  then  kept  at  that  heat. 
The  temperature  at  which  any  substance  takes  fire  is  known  as 
the  kindling -temperature  of  that  substance. 

■Eg),  211.— Place  a  small  bit  of  phosphorus  and  another  of  sulphur, 
not  in  contact  with  the  flrat,  upon  a  fragment  of  porcelain  6  or  8  cm. 
across,  and  heat  them  slowly  over  the  ga^-lamp,  The  phosphorus  will 
soon  take  fire  at  a  temperature  of  eS"-?^* ;  but  the  sulphur  will  not 
inflame  until  the  tempBrature  of  the  porcelain  support  has  risen  to 
about  25(P,  as  can  be  readily  ascertained  by  the  thermometer. 

As  was  just  now  said,  the  degree  of  heat  necessary  to  start 
any  fire  must  be  kept  up  continually,  or  the  fire  will  go  out. 
Whenever  burning  bodies  are  cooled  below  the  kindling- tempe- 
rature they  are  extinguished, — the  chemical  action  which  occa- 
sioned the  appearance  of  heat  and  fight  ceases, 

-Eip.  212.— Pile  up  upon  an  iron  grate,  thick  in  metal,  and  sup- 
ported in  such  manner  that  air  may  enter  beneath  it,  several  pieces  of 
red-hot  charcoal.  The  charcoal  wdl  go  on  bummg  until  nearly  aU  of  it 
has  been  consumed ;  for  the  heat  generated  by  the  combustion  of  the 
portions  first  burned  keeps  up  the  tcmperiture  necessary  to  kindle  the 
Bub3ec[uent  portions. 

Upon  a  cold  grate,  similar  to  the  one  just  employed,  scatter  about 
several  small  pieces  of  red-hot  charct  al,  takmg  care  that  no  two  pieces 
of  the  coal  shall  come  in  contact,  or  be  placed  ao  as  to  heat  one 
another.  Each  of  the  pieces  of  charcoal  will  soon  cease  to  burn;  for 
the  metallic  grate  is  so  good  a  conductor  of  heat  that  it  removes  heat 
from  the  isolated  pieces  of  charcoal  more  rapidly  than  these  can  pro- 
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duce  it ;  cousequently  the  temperature  of  the  charcoal  is  sooti  raditced 
to  below  the  kindlin^-point. 

A  result  similar  to  the  foregoing  is  obtained  when  any  fire  is  broken 
up  and  scattered  about  to  sueh  an  extent  that  its  several  portions  can- 
not assist  in  one  another's  combustion— though  if,  instead  of  being 
placed  upon  iron,  the  separate  glowing  coals  be  Md  upon  ashes  or  dry 
earth,  they  will  be  extinguished  only  after  a  much  longer  time,  for 
ashes  and  liry  earth  are  very  poor  conductors  of  heat  in  comparison 
with  iron.   • 

In  all  ordinary  fires  the  heat  evolred  by  tho  combustion  of 
the  fuel  is  more  than  sufRcient  to  maintain  a  temperature  higher 
than  the  kindling-point  of  the  fuel— though,  generally  speakiEg, 
the  fuel  becomes  at  last  so  clogged  ■with  ashes,  that  the  oxygen 
of  the  air  cannot  get  at  the  remaining  combustible  matter  in 
Buffloient  quantity  to  maintain  lively  chemical  action. 

435.  Precisely  as  coals  can  be  estinguished  by  placing  tiiem 
upon  cold  metal,  so  flames  may  be  put  out. 

Sep.  313. — Upon  a  ring  of  the  iron  stand  place  a  sheet  of  clean 
■wire  ganze  about  10  c.m.  square;  lower  the  ring  so  that  the  gauze 
shall  be  pressed  down  upon  tlie  flame  of  a  lamp  or  candle  almost  to 
the  wick,  as  shown  in  Fig.  71.  No  flame  will  be 
seen  above  the  gauze,  but  instead  of  flame  a  cloud 
of  smoke.  The  gauze  is  a  mere  open  sieve ;  there 
is  nothing  about  it  which  can  prevent  the  g 
which  ■was  just  now  hunnng  with  flame  above 
the  wick  of  the  candle,  from  passing  through.  ■ 
Indeed  it  may  be  seen  from  the  smoke  that  the 
particles  of  carbon  which,  in  the  original  imiiis- 
turbed  flame,  were  becoming  incandescent,  and  so  affording  light,  do 
now  actually  come  through  the  gauze. 

The  explanation  of  the  phenomenon  is  simply  that  the  metallic 
sieve  conducts  away  so  much  heat  that  the  temperature  of  the  candJe- 
flame  is  reduced  to  below  the  kindling-point.  That  this  is  really  so  is 
proved  by  the  fact  that,  after  the  gauze  haa  become  sidficiently  heated 
bv  long-continued  contact  with  the  flame  below — after  it  has  attained 
the  kindling-point  of  the  candle-gas,  it  -will  no  longer  extinguish  the 
fiame.  In  lite  manner,  a  candle-flame  may  be  cooled  to  such  an  ex- 
tent that  it  will  go  out,  by  placing  over  it  a  small  coil  of  cold  copper 
wire,  while  if  the  wire  be  previously  heated  the  flame  ■will  conticne 

If  the  smoke  and  imburned  gas  which  has  passed  through  the  cold 
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wire  gaiwe  be  IoucIimI  with  a  lighted  match,  and  so  brought  to  the 
kindling-  temperature,  it  will  burst  iuto  flame. 

The  power  of  wire  gauze  to  prevent  the  passage  of  flan  h  b  o 
UBefully  applied  in  severa]  ways,  notably  for  the  prevention  f  pi 
rions  in  those  coal-mines  which  are  liable  to  accumulation  f  n  ar  1 
gas.  For  this  purpose  safety-lamps  are  constructed  by  en  !  n  an 
ordinary  oil-lamp  completely  in  wire  gauze,  so  that  the  fl  m  witl  n 
the  gauze  cannot  kindle  any  combustible  or  esploaive  gas  into  which  it 
may  be  carried.  In  case  such  a  lamp  he  caiTied  into  a  place  filled  with 
explosive  gas,  the  latter  will,  of  course,  pass  into  the  lamp  through  the 
meshes  of  the  gauze  and  hum  within  the  cage.  This  combustion  gives 
warning  of  the  presence  of  the  dangerous  gas,  and  indicates  to  the 
workman  that  he  should  withdraw  from  the  locality ;  the  gas  can  then 
be  expelled  by  appropriate  methods  of  ventilation. 

The  wiie-gaiize  lamps  employed  in  chemical  laboratories  (for 
one  form  of  which  see  Appendix,  Fig.  viii.)  are  simply  applica- 
tions of  the  same  general  idea. 

Exp.  214, — Beneath  the  sheet  of  wire  gauze  of  Esp.  213,  place  an 
unlighted  ordinary  gas-lamp  (Bunsen's  buraer),  at  such  distance  that 
the  gauze  shall  be  3  or  4  cm.  above  the  top  of  the  lamp;  turn  on  the 
gas  and  light  it  above  the  wire  gauze ;  it  will  continue  to  burn  on  the 
top  of  the  gauze  for  an  indefinite  period,  for  the  gauze  will,  in  this 
case,  always  be  kept  cool  by  the  cold  gas  which  is  continually  pasfang 
through  it  Carefully  and  gradually  lift  the  ring  which  canies  the 
gauze,  and  determine  how  far  it  is  possible  to  lift  the  gauze  above  the 
gas-jet  without  extinguishing  the  flame. 

The  student  will  remember  that  other  experiments  illustratmg  the 
influence  of  cooling  agencies  in  extinguishing  combustimi  (Exps.  136 
and  154),  have  already  been  performed.  Compare  also  Exp.  196  and 
5  200,  as  regards  kindling. 

436.  An  effect  somewhat  similar  to  that  produced  by  wire 
gauze  is  often  seen  in  ordinary  fires.  When  a  mass  of  red-hot 
aiifchiaoite,  charcoal,  or  coke  is  burning  freely  upon  a  grate  in 
the  open  air,  there  is  always  a  blue  flame  of  carbonic  oxide 
burning  above  the  coal.  This  gas  results  from  the  reduction  of 
carbonic  acid  by  means  of  hot  carbon,  precisely  aa  in  Exp.  181. 
Air  enters  at  the  bottom  of  the  grate  and  combines  with  the  hot 
eoal  which  it  finds  there  to  form  carbonic  acid  (00^).  This  car- 
bonic acid,  as  it  rises  through  the  hot  coal  in  the  middle  of  tha 
fire,  is  deprived  by  the  heated  carbon  of  half  its  oxygen, 
CO,  +  C  =  2C0, 
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HO  that  two  molecules  of  carbonic  oxide  sfae  finally  emerge  at  tlia 
top  of  the  coal,  instead  of  the  single  inolei-iile  of  carbonic  acid 
which  was  formed  at  first  The  caibonio  o'^ide  being  combus- 
tible, will  at  once  take  fire  on  lommg  m  contact  with  the  air, 
provided  the  temperature  at  tJie  summit  of  the  fire  be  equal  to 
the  kindling-temperaturo  ot  eaibonie  otide  But  if  the  tempe- 
rature of  the  fire  is  in  any  way  reduced  below  this  point,  as,  for 
example,  by  throwing  on  too  lai^e  a  quantity  of  cold  fuel,  which 
is,  of  conrse.  equivalent  to  covei'ing  the  fire  with  a  sheet  of  wire 
gauze,  then  the  carbonic  oside  will  be  extinguished,  and,  escaping 
into  the  cbimnoy,  will  produce  no  useful  effect. 

■Were  it  not  for  the  formation  of  earhonie  oxide,  as  above  men- 
tioned, neither  anthracite  coal,  nor  coke,  nor  charcoal  would  bnm 
with  flime  afttr  having  once  got  well  on  file,  they  would  simply 
glow,  as  a  single  hve  coal,  or  a  bar  of  metil  glows  when  taken 
from  the  flie 

437  In  heatmg  ste'tm-boilera  ind  othei  large  ^essels,  it  is 
often  a  point  of  gre^t  impoitance  to  ohtjin  fiom  the  fuel  a  laige 
flame  m  oider  that  the  heat  from  the  fuel  may  be  quicklj  dis- 
tnbuted  and  brought  into  contact  with  the  matter  to  be  he<ited 
With  anthracite  and  coke  this  result  it  effected  by  placing  be- 
neath th'  gi  ite,  upon  which  the  fuel  is  burned,  a  quaiititj  of 
water  From  this  water  ''team  gradually  n>es,  as  hot  ashes  ind 
cinders  fall  into  it  and  as  heat  ladiites  down  upon  it  firm  the 
fare  above  The  steam,  as  it  enters  the  fire,  is  decimj.)  id  by 
the  hot  coal  (see  Exp  156),  in  accordinci.  with  the  following 
reaction, 

C  +  Hp  =  CO  -1-  £H, 
and  the  combustible  gases  thus  obtained  are  superadded  to  the 
cnrUnic  oxide  which  is  formed  m  due  coui^e  from  the  action  of 
a]r  upon  the  codl  All  these  gases  bum  agim  to  carbonic  acid 
and  water  above  the  fire  where  air  is  thrown  m  to  meet  them 
through  appropriate  onlices  In  this  use  of  ■wafer  as  aa  adjunct 
to  the  combustion  of  coal,  the  absolute  amount  of  heat  given  off 
by  the  fuel  is  m  nowise  increased  but  m  many  instances  much 
heit  may  undoubtedly  be  saved  by  thus  equaDj  distributing  and 
applying  it  by  means  rf  flame 

438  On  the  othci   hand,  furnaces  are  sometimes  seen  con- 
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Buniing  fuel  under  such  conditions  that  all  the  carbonic  oaide 
produced  within  them,  escapes  unbumed  into  the  chimney.  In 
Buch  cases,  more  than  two-thirds  of  the  amonnt  of  heat  which 
the  fuel  is  capable  of  yielding  must  necessarily  be  lost ;  for  while 
1  gramme  of  charcoal  gives  off  in  burning  to  carbonic  acid 
8080  units  of  heat  {§  55),  1  gramme  of  carbon  in  burning  to 
carbonic  oxido  gives  off  only  2473  units  of  heat.  The  aumber 
last  given  is  determined  as  foUows.  It  has  been  found  by  direct 
esperiment,  that  1  gramme  of  carbonic  oxide  on  being  burned 
to  carbonic  acid,  yields  2403  units  of  heat  carbcnio  02nle  is 
composed  (§  422)  of  one  atom  of  carbon,  weighing  12,  and  one 
at«m  of  oxygen  weighing  16, — the  weight  of  the  molecule  of  cir- 
bonic  oxide  being  consequently  28.  In  one  gramme  of  carbonio 
oxide,  therefore,  there  can  be  only  ^=0-428'd  of  a  gramme  of 
carbon;  but  0-4286  :  1  =  2403  :  a:=5607,  whence  it  appears 
that  there  is  evolved  by  one  gramme  of  carbon  in  c  trbonic  oxide 
5607  units  of  heat  when  thia  carbon  unites  with  the  additional 
oxygen  to  form  carbonic  acid;  and  the  diffeience  between  this 
number  (5607)  and  the  number  (8080)  denoting  thi,  amount  of 
heat  given  off  by  one  gramme  of  charcoal  in  burning  to  carbcmo 
acid  will  show  how  much  boat  is  evolved  bj  one  gramme  of 
carbon  burned  to  carbonic  oxide ;  8080— 5607^=2473,  as  above 
stated. 

In  order  to  thoroughly  bum  the  carbonic  oxide  in  any  case, 
the  stove  or  furnace  should  bo  so  arranged  that  a  volume  of  air, 
as  large  as  that  which  has  already  passed  through  the  fire,  can 
be  constantly  supplied  to  the  carbonic  oxide  and  nitrogen  as  they 
emerge  from  the  coal,  and  bo  intimately  mixed  with  these  gaaea 
while  they  are  still  hot. 

439.  The  amount  of  air  needed  for  the  complete  combustion  of 
coal  or  other  fuel  can  always  be  readily  calculated.  We  have 
only  to  determine  how  much  oxygen  will  be  needed  by  the  com- 
bustible, and  then  how  much  air  must  be  taken  in  order  to  supply 
this  oxygen.  Let  it  be  supposed,  for  example,  that  we  wish  to 
leain  how  much  air  is  needed  in  order  to  burn  one  kilogramme 
of  charcoal.  Having  learned  the  full  significance  of  the  formula 
COj,  a  moment's  consideration  of  this  formula  informs  us  that, 
for  every  12  parts,  by  weight  of  carbon,  32  parts  by  we^ht  of 
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oxygen  are  needed  in  order  to  its  complete  combustion,  or,  for 
one  part  of  carbon,  2-G7  parts  of  oxygen.  Air  contains  23'1  per 
cent,  of  oxygen  by  weight;  hence  the  proportion  23-1:  100= 
2'67;  x=  11'558,  from  which  it  appears  that  to  burn  1  kilo,  of 
charcoal,  11'558  kilos,  of  air  are  needed.  Since  the  weight  of  a 
litre  of  air,  at  the  ordinary  temperature,  is  only  1-2258  grm.., 
these  11'558  kilos,  of  air  will  occupy  about  9429  htres,  or,  in  other 
words,  nearly  9^  cubic  metres.  In  round  numbers,  it  may  be 
said  that  about  12  kilos.,  or  9^  oubic  metres,  of  air  are  required 
to  burn  one  kilo,  of  charcoal.  jFor  coke  and  anthracite,  corree- 
fions  must,  of  course,  be  made  for  the  ashes  which  they  coutain, 
as  well  as  for  a  certain  portion  of  hydrogen  which  may  also  be 
present.  If  a  gramme  of  pure  carbon  will  disengage  8080  units 
of  heat,  a  gramme  of  well-burned  coke,  containing  15  per  cent,  of 
ashes,  will  disengage  only  686S  units. 

440.  Chloride  of  Carbon  (CCIJ.— Chlorine  does  not  unite  di- 
rectly with  carbon  ;  but  several  compounds  of  the  two  elements 
can.  be  obtained  by  subjecting  compounds  of  carbon  and  hydro- 
gen to  the  action  of  chlorine.  Of  these  compounds,  only  the  so- 
called  bichloride  (CCI^)  need  here  be  mentioned,  the  others  being 
usually  treated  of  in  works  npon  organic  chemistry.  Bichloride 
of  carbon  may  bo  obtained  by  the  action  of  chlorine  on.  marsh- 
gas,  by  subjecting  chloroform  or  wood-spirit  to  the  action  of  an 
excess  of  chlorine  in  sunlight,  by  passing  a  mixture  of  bisiilphide- 
of-carbon  vapor  and  chlorine  through  a  red-hot  porcelain  tube, 
or  by  the  action  of  qulnquichloride  of  antimony  upon  bisulphide 
of  carbon  : — ■ 

CSj  +  2SbCl,  =  CCl,  -I-  2SbCl3  -1-  2S. 
At  the  ordinary  temperature  of  the  air  it  is  a  transparent,  color- 
less liquid,  of  pungent  aromatic  odor,  boiling  at  77",  and  having 
a  specific  gravity  of  1'56.  At  —23°  it  solidifies  in  the  form  of 
crystals  of  pearly  lustre.  The  specific  gravity  of  its  vapor  has 
been  determined  to  be  76-96,  which  would  indicate  that  a  mole- 
cule of  the  vapor  is  composed  of  1  atom  of  carbon  ajid  4  volumes  of 
chlorine,  condensed  to  2  unit-volumes ; — 

For,  since  the  weight  of  one  atom  of  carbon  ia 12 

And  the  weight  of  4  atoms  of  chlorine  is 142 

The  weight  of  the  two  volumes  of  gas  produced  would  be      .     .     154 
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And  the  weight  of  1  volume  would  l>e  77,  a  niimbar  with  which  the 
experimental  determination  very  nearlj  agi-ees. 

In  composition,  this  ohloride  of  carbon  (CCIJ  is  analogous  to 
the  hydride  CHj  which  we  have  already  studied  under  the  name 
light  carburetted  hydrogon,  or  marsh-g.ia  (§  392),  and  in  the 
same  way  that  the  hydride  maybe  converted  iato  the  chloride  bj 
acting  upon  it  with  chlorine,  so,  conversely,  the  chloride,  on  being 
brought  into  contact  with  water  and  sodium- amalgam  (§  97), 
may  be  deprived  of  chlorine  and  converted  back  into  the  hy- 
dride,— the  hydrogen  of  the  water  being  substituted  for  the 
chlorine,  which,  like  the  oxygen  of  the  water,  unites  with  the 
eodium. 

441.  Compounds  of  Carbon  and  Nifroffen.—WHh  nitrogen, 
carbon  forms  a  number  of  highly  interesting  compounds,  which 
may  be  found  treated  of  in  works  upon  organic  chemistry.  Pro- 
minent among  these  compounds  are  cyanogen,  CN  (§  384),  and 
cyanbydric  acid,  HCN.  Cyauhydric  acid  corresponds  to  chlor- 
hydric  acid  and  the  other  hydrides  of  the  chlorine  gronp  of  ele- 
ments ;  by  its  action  upon  metallic  oxides  there  may  be  formed 
a  series  of  cyanides  of  the  metals,  corresponding  perfectly  with 
the  metallic  chlorides  : — 

Mfi  +  2E(CN)  =  2M:(CN)  +  H,0. 

Mfi  +  2HC1  =  2M01  +  HjO. 
The  group  of  atoms  (CN)  which  constitutes  cyanogen,  acts,  in 
fact,  as  if  it  were  a  single  element.  In  the  same  way  that  the 
gronp  NH„  called  ammonium,  is  capable  of  replacing  a  metal 
like  sodium  (see  §  91),  so  the  group  Clf  can  replace  chlorine  and 
the  elements  allied  to  chlorine.  Groups  or  knots  of  atoms,  such 
as  these,  are  often  called  compound  radicals.  Cyanhydric  acid, 
or  pnissic  acid  as  it  is  sometimes  called,  is  notorious  as  a  violent 
poison.  Many  of  the  cyanides  are  of  great  importance  in  the 
arts,  particularly  in  processes  of  gilding,  plating,  electi-otyping, 
and  dyeing,  as  well  as  in  the  preparation  of  pigments.  Some  of 
them  will  be  dascribed  hereafter  under  the  respective  metals, 

442.  Bisulphide  of  Carbon  (CSj),  or  sulpho- carbonic  acid,  as 
it  is  often  called,  is  especially  interesting  from  its  correspondence 
with  the  binoxideof  carbon,  carbonic  acid,  in  accordance  with  the 
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general  rule  that  sulphur  compounds  are  analogous  to  the  com- 
pounds of  oxygen.  With  the  metallic  sulphides  this  compound 
forma  a  series  of  salts,  of  the  general  formula  M^CSj,  or  M.^S.CS^, 
analogous  to  those  fomed  hy  tho  union  of  carbonic  acid  with 
the  metallic  oxides,  the  general  formula  of  which,  as  we  know,  is 
M3CO5  or  Mp,COj. 

Bisulphide  of  carbon  may  be  obtained  by  bringing  the  vapor  of 
sulphur  in  contact  with  red-hot  charcoal.  It  is  a  mobile,  colorless 
liquid  ofl-27  specific  grarity,  which  refracts  light  powerfully.  It 
boils  at  45°  and  evaporates  rapidly  at  the  ordinary  temperature  of 
the  air.  The  density  of  its  vapor  is  38-19.  It  has  a  peculiarly 
fetid  odor,  and  ia  very  easily  inflammable,  burning  with  a  blue 
flame  to  carbonic  and  sulphurous  acids.  It  is  not  soluble  in  water, 
but  is  easily  soluble  in  alcohol,  and  ia  itself  a  powerful  solvent  of 
fats  and  various  other  substances ;  it  has  been,  of  late  years, 
somewhat  extensively  employed  as  a  solvent  of  phosphorus  (§  274) 
and  of  chloride  of  sulphur  (§  246)  in  the  cold  process  of  vulcanizing 
caoutchouc.  Mixtures  of  its  vapor  with  oxygen,  air,  nitric  oxide, 
and  other  gaseous  oxygen  compounds  burn,  without  violent  ex- 
plosion, with  a  sudden  brilliant  flash  of  intensely  blue  Hght.  This 
flame  ia  remarkable  for  ita  great  actinic  power ;  it  acts  very  ener- 
getically upon  a  prepared  daguerreotype  plate,  and  causes  a  mix- 
ture of  hydrogen  and  chlorine  to  combme  almost  as  readily  aa 
sunlight  would  (Exp.  53). 

Exp.  215.— Fill  ft  tell  bottle,  of  the  capacity  of  700  or  800c.  c,  with 
nitric  oxide  gas,  at  the  water-pan ;  cover  the  bottle  with  a  plate  of  glass 
and  stand  it  upright  upon  the  table ;  draw  the  cover  aside  far  enough 
to  admit  of  tlie  introduction,  from  a  pipette,  of  8  or  10  c,  c.  of  lif[uid 
bisulphide  of  carbon ;  replace  the  cover  and  leave  the  bottle  at  rest 
for  a  few  mmutes,  in  order  that  the  vapor  of  the  biaulpTiide  mav  liave 
lime  to  diffuse  through  the  nitric  oxide.  Finally,  touch  a  hghted 
match  to  the  opened  mouth  of  the  bottle  and  observe  the  brilhant 
flame  which  is  produced. 
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443.  Boron  is  an  element  of  the  same  natural  family  as  carbon- 
It  is  found  in  nature,  in  combination  with  oxygen,  as  boracio 
acid,  and  in  combination  with  oxygen  and  some  of  the  metals — 
notably  as  a  biborate  of  sodium,  commonly  called  borax,  and  as  a 
double  borate  of  sodium  and  of  calcium. 

In  certain  Tolcanic  districts  in  Tuscany,  jets  of  steam  mixed 
with  other  vapors  escape  continually  from  cracks  in  the  soil,  and 
bring  to  the  surface  small  quantities  of  boradc  acid.  Since  boracio 
acid  is  not  volatile,  in  the  ordinary  sense  of  the  term,  at  tempera- 
tures so  low  as  100°,  it  appears  that  it  is  transijorted  mechanically 
by  the  steam,  much  in  the  same  way  that  dust  is  carried  along 
by  a  current  of  air.  The  jets  of  vapor,  laden  with  boraeic  acid, 
are  made  to  bubble  through  water  as  they  escape  from  the  earth; 
this  water  retuins  the  acid,  and  bo  concentrates  it  to  a  very  con- 
siderable extent.  After  the  water  has  become  as  highly  charged 
with  the  acid  as  has  beon  found  in  practice  to  be  desirable,  it  is 
nm  off  into  pans,  lower  down  upon  the  hill-side,  beneath  which 
hot  jets  of  vapor  from  the  earth  are  caused  to  circulate.  The 
excess  of  water  is  thus  evaporated  by  heat  which  the  earth  sup- 
plies, and  the  solution  becomes  bo  concentrated  that,  on  cooling, 
crystals  of  boracio  acid  separate  from  it.  About  120  millions  of 
kilogrammes  of  water  are  thus  evaporated  annually,  and  1,300,000 
kilogrammes  of  boracio  acid  produced  without  the  intervention  of 
any  artificial  motor  or  the  consumption  of  any  fuel.  After  having 
been  purified,  the  boraeic  acid  is  sent  into  commerce  as  such,  or 
it  is  treated  with  a  hot  solution  of  carbonate  of  sodium,  and  bo 
converted  into  borax. 

Besides  this  principal  source  of  the  boron  compounds,  a  certain 
quantity  of  native  borax  is  obtained  from  the  mud  and  waters  of 
certain  lakes  in  Tartary,  Ceylon,  Thibet,  and  California,  In 
Peru,  also,  a  mineral  composed  of  borate  of  sodium  and  borate  of 
calcium  is  found  associated  with  nitrate  of  sodium. 
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444.  TJie  element  boron  has  been  obtained  in  two  distinct  allo- 
tropio  conditions  (§§  IfiS,  3G6)  comparable  with  tbope  of  carbon. 
It  can  be  had  amorplioiia  like  charcoal,  and  crystallizeil  like  the 
diamond. 

To  prepare  the  diamond-like  modificftlion,  fused  boraeic  acid  is  in- 
tensely heated  with  metallic  aluminum;  a  portion  of  the  aluminum 
takes  oxygen  away  from  the  boron,  ■while  another  portion  of  the  molten 
metal  dissolrea  thia  boron  as  fast  as  it  is  formed.  As  soon  as  the 
solution  has  becoine  saturated  (that  is  to  say,  when  the  melted  alu- 
minum has  dissolved  all  the  boron  that  it  is  capable  of  dissolving'),  a 
portion  of  this  boron  is  deposited  ia  diamond-like  crystals.  When  the 
crucible  and  its  contents  are  broken  up  after  cooling,  these  crystals  are 
found  lining-  cavities  within  the  mass. 

The  amorphous  modification  may  be  prepared  by  heating  together 
boracic  acid  and  metallic  sodiiun  or  potassium  beneath  a  layer  of  fused 
chloride  of  sodium.  After  having  been  allowed  to  cool,  the  products 
of  the  reaction  are  treated  with  water,  which  dissolves  away  the  chlo- 
ride and  the  borate  of  sodium,  and  leaves  tie  boron  as  an  amorphous 
powder  which  may  be  collected  upon  a  filter. 

A  third  variety  of  boron,  similar  to  graphite,  was  at  one  time  de- 
scribed :  but  recent  experiments  have  shown  that  the  so-called  graphi- 
t«idal  boron  is  really  a  boride  of  aluminum  (AlBj). 

445.  Of  the  properties  of  these  varieties  of  boron,  little  need 
here  be  said ;  they  are  analogous  to,  and  closely  resemble,  the 
corresponding  modifications  of  carbon,  which  have  already  been 
fully  described.  The  diamond  modification  is  transparent,  and 
sometimes  colorless,  though  usually  of  a  yellow  or  reddish  color. 
It  crystallizea  in  the  same  forms  as  the  real  diamond,  and  refracts 
light  very  powerfully.  Its  specific  gravity  is  2-68.  It  is  almost 
as  haid  as  the  real  diamond,  being  capable  of  scratching  the  ruby, 
and  even  of  polishing  the  diamond.  It  is  only  with  extreme 
difBcnlty  that  it  can  be  burned  in  oxygen,  since  a  coating  of  boracic 
acid  soon  forms  which  protects  it  from  further  action  of  the  oxy- 
gen. It  is  remarkable  that  at  the  moment  of  its  combustion  it 
swells  up  as  the  diamond  does  when  intensely  heated.  Amor- 
phous boron  ia  an  infusible  greenish  powder,  which  readily  takes 
fire  on  being  heated  in  air  or  oxygen.  It  is,  in  fact,  necessary,  in 
preparing  it,  to  take  care  that  the  filters  upon  whicJi  it  has  been 
collected  shall  be  dried  at  low  temperatures,  lest  the  finely  divided 
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h(.mn  take  fire  spontaneously ;  if  exposed  to  the  enn's  rays  ia 
summer,  the  filters  containing  horon  will  often  take  fire  as  soon  as 
they  have  become  dry.  Unlike  the  other  modification  of  boron,  it 
is  readily  attacked  by  mostchemical  agents.  Like  the  correspond- 
ing modification  of  carbon,  it  is  an  euei^etio  reducing  agent. 

No  compound  of  boron  and  hydrogen  has  yet  been  discovered, 
but  it  unites  readily  with  ehlorine,  bromine,  and  iodine ;  it  can 
be  made  to  combine  also  with  fluorine,  nitrogen,  and  sulphur. 

446.  The  best-known  of  the  compounds  of  boron  is  the  oxide 
BjO„  called  boracic  acid.  This  oside  occurs  ready  formed  in  na- 
ture, as  has  been  said,  and  is  the  sole  product  when  boron  is  burned 
in  oxygen.  The  composition  of  boracic  acid  may  be  determined 
synthetically  by  burning  amorphous  boron  in  pure  oxygon,  or  by 
treating  it  with  nitric  acid.  A  certain  definite  weight  o£  boron 
being  taken  in  the  first  instance,  the  weight  of  the  dry  boraoie 
acid  obtained  is  carefully  deteuiined,  and  from  these  data  the 
percentage  composition  of  the  boracie  acid  is  calculated;  100 
grammes  of  boracic  acid  consist  of 

0.\jgen 68-71  grammes. 

Boron 3r29        „ 

From  the  specific  gravities  of  the  vapors  of  chloride  of  boron  and 
of  fluoride  of  boron,  as  determined  by  experiment,  and  from  some 
other  rather  inconclusive  considei-ations  which  need  not  here  be 
dwelt  upon,  chemists  have  been  led  to  admit  tbat  the  atomic  com- 
position of  boracic  aeid  may  be  represented  by  the  formula  B^O,. 
If  boracie  acid  be  really  composed  of  3  atoms  of  oxygen  and  2 
atoms  of  boron,  the  weight  of  the  atom  of  boron  will  follow  from 
the  proportion  68-71  :  Si-29=(16x3)  :  .r,in  which  16  equals  the 
weight  of  an  atom  of  oxygen  and  a:  the  weight  of  two  atoms  of 
boron.  Upon  this  aasumption,  the  weight  of  one  atom  of  boron 
will  be  10-93. 

447.  Boracic  acid  is  but  a  feeble  acid  at  the  ordinary  tempera- 
ture, and  may  be  set  free  from  its  compounds  by  almost  any  of 
the  acids,  excepting  carbonic  acid. 

£^.  216.— Dissolve  4  grma.  of  borax  in  10  grms.  of  boifing  water, 
in  a  besier  glass  or  porcelain  capsule  of  80  or  40  c,  c.  capacity,  and 
add  to  the  solution  2-5  grms.  of  concentrated  cblorhj  dric  aeid.     After 
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the  lapse  of  some  time,  hydrated  boracic  add  will  be  deposited  from 
the  solution  in  the  form  of  p-li stoning,  colorless  plates  or  scales.  These 
crystrtls  contain  as  mneh  as  438  per  cent,  of  water ;  their  formula  is 
H,BOj,  or,  dualistic,  SH^O,  B^Oj. 

On  bein^  heated  in  a  clean  iron  spoon,  the  crystala  will  first  dissolve 
in  the  water  which  they  contain,  or,  as  ths  fact  is  usually  stated,  they 
will  "melt  in  their  water  of  crystallization;"  if  the  heat  he  continued, 
the  mass  will  become  pasty,  and  will  swell  up  as  the  water  is  expelled. 
After  all  the  water  has  been  driren  off  by  strong  heat,  the  Bnhydroua 
acid  is  left  as  a  clear,  viscous  liquid,  fiom  which  long  threads  of  the 
solid  acid  maybe  drawn  out  by  touching- the  surface  of  the  liquid  with 
the  end  of  a  stick  or  glass  rod,  and  then  gently  pulling  away  tiie  stick 
with  the  matter  which  has  adhered  to  it. 

If  the  fused  acid  be  alloived  to  cool,  * t  will  solidify  to  a  harii,  trans- 
parent glass,  which  soon  cracks  in  every  direction  nnd  splits  up  into 
Pigments. 

Anhydrous  boraeie  aeid  is  of  about  1-8  specific  gravity;  it  is 
odorless  and  destitute  of  corrosive  power ;  it  has  a  sligli  tly  bitter, 
but  not  sour,  taste.  It  is  much  more  soluble  in  hot  than  in  cold 
water,  and  more  soluble  in  alcohol  than  in  water.  It  imparts  to 
the  flame  of  burning  alcohol  a  peculiar  green  tint,  which  is  quite 
characteristic,  and  affords  a  valuable  test  by  which  the  presence 
of  the  acid  may  be  detected.  Upon  litmus  and  turmeric,  boracic 
acid  acts  somewhat  diflerently  firom  other  acids, 

Ecp.  21.7.— Dissolve  a  little  of  the  crystallized  boraeie  acid  of  Exp. 
216,  in  a  teaspoonful  of  alcohol  in  a  small  pnrcelwn  capsule.  Set  Are 
to  the  alcohol  and  stir  the  burning  solution  with  a  rod,  or  agitate  it  by 
jarring  the  dish.  Or  moisten  a  tuft  of  cotton  with  alcohol,  strew  upon 
it  some  powdered  boracic  acid,  and  light  the  alchohol.  In  either  case 
the  flame  of  the  alcohol  will  be  of  a  line  green  color. 

Exji.  218.— Pour  into  a  test-glass  20  or  30  c.  c.  of  a  solution  of  blue 
litmus ;  in  a  small  qunntity  of  water,  contained  in  another  test-glass 
or  tube,  dissolve  a  little  of  the  boracic  acid  of  Eip.  216;  add  the 
solution  of  boracic  acid  to  the  litmus,  and  observe  that  the  color  of 
the  latter  changes  to  a  browni.ih  wine-red,  decidedly  different  from  the 
bright  clear  red  which  is  obtained  by  the  action  of  other  acids  upon 
litmus.  If  a  large  quantity  of  boracic  acid,  however,  be  added  to  a 
small  portion  of  the  litmus  solution,  the  latter  will  be  colored  strongly, 
aa  if  by  a  powerful  acid. 

Ecj).  219. ^Dip  into  a  solution  of  boracic  acid  a  slip  of  yellow  tur- 
meric paper,  and  observe  that  the  yellow  color  is  cliaiiged  to  brown, 
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as  it  would  be  by  ammoaia-water  or  by  any  other  alkaline  snliition. 
None  of  the  other  aeida  produce  a  lilie  effect. 

448.  When  an  aqueous  solution  of  boraeic  acid  is  boiled,  an 
appreciable  quantity  of  the  acid  goes  off  with  the  vapor  of  water ; 
but  the  dry  acid,  wlien  heated  by  itself,  is  nevertheless  one  of 
the  least  volatile  of  all  the  acids.  It  does  alowly  sublime,  however, 
at  a  white  heat,  and  may  be  completely  evaporated,  if  left  for  a 
long  time  in  the  hottest  part  of  a  porcelain  furnace.  As  a  con- 
sequence of  this  fixity,  or  lack  of  volatility,  it  follows  that  horaoic 
acid  is  a  comparatively  powerful  acid  at  temperatures  high  enough 
to  volatilize  the  ordinary  acids.  On  being  heated  with  nitrates, 
or  sulphates,  for  example,  it  quickly  expels  nitric  or  sulphuric 
acid,  and  unites  with  the  other  ingredients  of  the  salt,  though 
either  of  these  acids  would  at  once  decompose  the  borate  thus 
formed,  if  they  were  collected  and  added  to  it  at  the  ordinary 
temperature.  Even  phosphoric  acid  is  expelled  by  it  from  tlio 
phosphates. 

449.  Chlortde  oj  Boron  (BClj)  is  a  colorless,  mobile  liquid,  of 
1-35  specific  gravity,  which  boils  at  17".  The  specific  gravity  of 
its  vapor  has  been  found  to  be  58'78,  a  result  wbicli  points  directly 
to  the  formula  BClj  as  representing  the  true  composition  of  the 
oomponnd. 

From  the  weight  of  2  vols,  of  chloride  of  boron  (68-78x2)     .  117-58 
Subtract  the -weight  of  S  vols,  of  chlorine  (35-6x3)        .     ,     ,10650 

and  the  remainder  will  be 11  06 

a  number  almost  precisely  equal  to  the  weight  of  one  atom  of  boron 
as  previously  determined  (|  440). 

Upon  being  mixed  with  water,  chloride  of  boron  decomposes,  with 
formation  of  boraeic  and  chlorhydrio  acids : — 

2BCI^  +  3H,0  =  B^O,  +  6HC1. 
Chloride  of  boron  may  be  prepared  by  sli^tly  heating  amorphous 
boron  in  an  atmosphere  of  chlorine,  or  more  readily  by  passing 
a  current  of  chlorine  over  a  iQix.tur6  ofi  anhydrous  boraeic  acid 
and  charcoal,  heated  to  redness  ina  porcelain  tube.  In  presence 
of  the  hot  charcoal  which  stands  ready  to  take  oxygen  from  the 
boraeic  acid,  chlorine  can  talt£:boron. away  fi-om  boraeic  add;  aod. 
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oonversely,  in  presence  of  the  chlorine,  ready  to  combine  with  the 
boron,  carbon  can  take  away  oxygen: — 

B,0,   -h  3C   +   6Ci  =  SBCI,  +  SCO. 
The  method  here  described,  of  converting  an  oxide  into  a  chloride 
through  the  intervention  of  carbon,  is  a  method  of  very  general 
applicability,  and  is  often  employed  for  the  preparation  of  chloridea 
of  the  metals. 

450.  Fluoride  of  Boron  (BFl^)  is  a  colorless  gas  of  34-19  spe- 
cific gravity,  as  determined  by  experiment.  Upon  the  assump- 
tion that  an  atom  of  boron  weighs  11,  its  specific  gravity  would 
be(ll-|-3xl9)-^2=34.  It  fumes  strongly  in  damp  air,  and, 
by  pressure,  may  be  readily  condensed  to  a  colorless  and  very 
mobile  liquid.  The  gas  is  escecdingly  caustic  and  corrosive  ;  it 
carbonizes  and  destroys  wood  and  other  organic  substances,  in 
the  same  way  as  concentrated  suliihurio  acid.  As  with  sulphuric 
acid  (Exp.  104),  so  here,  the  fluoride  of  boron  unites  with  the 
elements  of  water  which  are  contained  in  the  oi^anic  matter,  and 
the  integrity  of  the  latter  is  destroyed. 

4.51.  Huoride  of  boron  is  absorbed  by  water  rapidly  and  in 
large  quantity,  1  vdumc  of  water  being  capable  of  dissolving  700 
or  800  volumes  of  the  gas ;  but  in  tlie  act  of  solution  decom- 
position occurs  as  well,  and  there  is  obtained,  not  a  simple  solution 
of  fluoride  of  boron  in  water,  but  a  mixture,  or  rather  a  com- 
pound, of  fluorhydric  and  boracic  acids : — 

2BFI3  +  2,-Rfi  =  B,0,,6HP1. 
The  reaction  is  interesting  in  all  its  stages,  inasmuch  as  it  well 
illustrates  the  vagueness  and  indefiniteness  of  a  considerable  class 
of  chemical  reactions.  When  water  dissolves  fluoride  of  boron, 
it  increases  in  bulk  to  a  considerable  extent,  and  in  density  also, 
its  specific  gravity  rising  as  high  as  1'77.  Upon  warming  the 
saturated  solution,  some  fluoride  of  boron  is  again  disengaged, 
perhaps  as  much  as  one  fifth  of  lU  that  had  been  absorbed  ;  but 
on  continuing  to  beat  the  soluti^yn  it  distils  over  unchanged,  and 
tbe  condensed  bquid  piesents  the  appearince  of  oil  of  vitriol.  In 
it  the  elements  of  boraci  w  d  fluorhvlriL  a  ids  are  undoubtedly 
held  together  in  a  loose  cond  tion  of  he  meal  combination.  By 
many  chemista  the  compound  is  called  fiuobonc  acid,  though,  in 
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order  to  avoid  confusion,  it  would,  perhaps,  be  tetter  if  the  name 
fiuorhydrate  of  boraeie  acid  were  allotted  to  it ;  for  when  this 
compouDd  is  largely  diluted  with  water,  horacie  acid  is  deposited, 
and  another  acid  compound  is  left  in  solution,  the  composition  of 
which  may  he  represented  hy  the  formula  HFI,BFIj.  This  new 
acid  is  caUod  indifferently  fluohoric  acid  or  fiuorborhydrio  acid, 
and  the  salts  formed  hy  its  union  with  metals  are  called  fluobo- 
rates.  It  is  remarkable  that  the  flrst-named  compound,  thefluor- 
hydrate  of  horacie  acid,  upoa  being  neutralized  with  alkalies, 
yields,  not  mixtures  of  a  borate  and  a  fluoride  of  the  alkali  em- 
ployed, but  true  chemical  compounds,  double  salts,  of  the  general 
formula  M^OjE^Og;  6MF1,  whence  the  name  fluoborio  acid  has 
arisen.  The  best  way  of  preparing  the  fluorhydrate  of  botacic 
acid  is  to  dissolve  horacie  acid  hy  small  portions  in  fluorhydric  acid. 
Fluoride  of  boron  may  he  itself  prepared  by  heating  in  a  glass 
flask  a  mixture  of  1  part  of  fused  boracic  acid,  2  parts  of  powdered 
fluorspar,  and  10  or  12  parts  of  eiDncentrated  sulphuric  acid ; — 
SCaFl,  +  B,0,  +  8H,S0^  =  SCaSO^  +  3H,0  +  2EF1,. 
On  account  of  its  easy  solubility  in  water,  the  gas  must  be  col- 
lected over  mercury.  Fluoride  of  boron  may  be  employed  as  a 
test  to  determine  whether  a  given  sample  of  any  gas  is  completely 
dry  ;  if  a  few  bubbles  of  it  are  added  to  the  gas  to  be  tested,  the 
slightest  trace  of  moisture  in  the  gas  will  be  made  manifest  by 
the  appearance  of  white  fumes  of  the  fluorhydrate  of  boraeie  acid 
above  described. 

452,  Sulphide  of  Boron  (B^Sg)  is  a  wbit«,  crystalline  solid,  de- 
composable by  water,  in  accordance  with  the  following  formula : — 

B,8,   +  3H,0  =  B^O,  +  3H^S. 
It  may  be  prepared  by  passing  a  current  of  sulphide-of-carbon 
vapor  over  a  mixture  of  boracic  acid  and  charcoal  strongly  heated 
in  a  porcelain  tube. 

453,  Nitride  of  Boron  (BN)  is  a  soft,  white,  amorphous  soUd, 
tasteless,  odorless,  infusible,  and  non -volatile.  It  is,  in  general, 
but  little  acted  upon  by  chemical  agents. 

454,  It  will  be  remarked  that  while  boron  is  closely  analogous 
tfl  carbon  in  many  respects,  it  differs  from  it  decidedly  in  others. 
Thus,  while  in  their  allotropic  modifications  the  two  elements  ara 
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almost  predsely  aliie  in  appearance  and  properties,  and  while 
many  of  the  salts  of  boracic  acid,  are  strikingly  similar  to  the 
corresponding  carbonates,  the  eomponnds  of  boron  are  not  eom- 
parable  as  regards  their  composition  with  the  eomponnds  of  car- 
bon. "While  one  atorn  of  earbon  unites  by  preference  with  four 
atoms  of  any  member  of  the  chlorine  group  (as  in  CClj),  or  with 
two  atoms  of  any  member  of  the  sulphur  group  (as  in  CO^),  an 
atom  of  boron  unites  with  only  three  atoms  of  chlorine  (BCQ^),  or 
two  atoms  of  it  unite  with  three  atoms  o£  osygen  or  sulphur 
(as  ia  B.jOj).  The  exceptional  character  of  the  composition  of 
boron  compounds  will  appear  still  more  clearly  in  the  next  chapter, 
where  it  will  be  shown  that  sihcon,  the  third  member  of  the  car- 
bon group,  resembles  carbon  as  regards  the  atomic  composition 
of  its  compounds,  as  well  as  in  other  respects.  The  atomic  weight 
of  boron  above  given  (§  446)  cannot  be  accepted  as  estabhshed 
beyond  a  doubt,  and  it  may  happen  that  further  investigation  will 
show  that  the  boron  compounds  are  really  formed  upon  the  same 
type  or  pattern  as  those  of  carbon  and  silicon ;  but  in  face  of  the 
experimental  evidence  now  at  hand,  this  view  cannot  bo  main- 
tamed  In  the  medntime  the  student  will  better  understand 
the  phj  Bical  and  chemioal  pi  operlies  of  boron  and  its  compounds, 
if  this  element  19  studied  in  company  with  carbon  and  silicon, 
wbieh  It  so  closeli  resembles,  than  it  it  were  described  in  con- 
nexion with  arsenic,  antimony,  and  the  other  elements  of  the 
nitrogen  group,  which  form  toroxides  and  tcrchlorides  indeed, 
but  which  present  not  the  least  other  analogy  to  boron,  either  in 
the  simple  or  the  compounded  condition. 


CHAPTER    XSn. 


455.  Like  carbon,  silicon  may  bo  obtained  in  three  distinct 
allotropic  conditions,  which  have  been  designated  as  amorphous, 
diamond-like,  and  graphitoidal.  After  oxygen,  it  is  the  most 
abundant  and  widely  diffused  of  all  the  chemical  elements;  at 
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least  one  quarter  of  tlio  solid  cruet  of  the  earth  is  composed  of  it. 
In  combination  witli  osygen,  it  oceore  in  silicic  acid,  which,  is  one 
of  th.e  commonest  suhstaiices  upon  the  surface  of  the  globe. 
Common  quartz  and  flint,  as  well  as  rock-cr_vstal,  agate,  and  the 
like,  are  pure  ailieie  acid.  The  yellow  sand  of  sea-beaches  and  of 
many  sterile  tracts  of  country  is  silioie  acid  contaminated  with  a 
trace  of  oxide  of  iron.  In  like  manner,  sandstones  and  a  great 
Tariety  of  other  rocks  are  mainly  composed  of  it. 

In  order  to  obtain  pme  silicon,  the  following  methods  may  be  cm- 
ployed  ; — When  metallic  potassium  is  heated  with  a  double  compound 
of  fluoride  of  potassium  and  fluoride  of  silicon,  knowB  as  fluosilicate 
of  potassium,  a  violent  reaction  occurs,  fluoride  of  potassium  is  formed 
and  dlicon  set  free  in  the  amorphous  state, 

eKFl,SiFl.  +  4K  =  6KF1  +  Si; 
by  waahing  with  water,  the  silicon  may  then  he  readily  freed  from  the 
fluoride  of  potassium,  which  is  soluhle.  The  graphitoidfd  modification 
of  sihcon  can  be  prepai'ed  either  by  heating  the  amorphous  variety 
very  strongly,  in  which  event  the  powder  contraota  upon  itself  and 
becomes  much  more  dense,  or  by  melting  together  in  a  crucible  a  mix- 
ture of  metallic  aluminum,  in  excess,  and  fliiosiUeate  of  potassium ;  a 
ftisible  double  fluoride  of  aluminum  and  potassium.is  formed,  and  the 
silicon  thus  set  free  dissolves  in  the  melted  aluminum.  If  the  alumi- 
num be  dissolved  away,  after  the  mass  has  become  cold,  by  means  of 
chlorhydric  acid,  the  silicon  will  be  left  in  the  form  of  hci^agonal  scales. 
Still  a  third  method  must  be  resorted  to,  in  order  to  obtain  the  dia- 
mond-like modification  of  silicon;  a  mixture  of  dry  fluosilicate  of 
potassium,  metallic  zinc,  and  metallic  sodium  is  thrown  info  a  hot 
cruwble,  the  mass  is  covered  with  a  layer  of  fluoMlicate  of  potassium, 
and  the  crucible  covered.  A  lively  reaction  ensues,  and  the  mixture 
within  the  crucible  fuses ;  the  fused  mass  is  then  stuTed  with  an  iron 
rod  until  tjie  zinc  begins  tu  escape  as  vapor.  The  ciucible  is  then  re- 
moved from  the  lire  and  allowed  to  cool ;  within  it  there  will  be  found 
a  button  of  metallic  zinc  filled  with  long  crystals  of  silicon,  which  can 
readily  be  isolated  by  dissolving  the  zinc  in  chlorhydric  acid. 

456.  The  amorphous  variety  of  silicon  is  a  brown  powder, 
which,  when  touched,  soils  the  fingers.  It  may  be  melted  at  a 
temperature  not  far  from  that  at  which  cast  iron  becomes  liquid. 
When  mixed  with  common  salt  and  exposed  to  a  degree  of  heat 
strong  enough  to  volatilize  the  salt,  amorphous  silicon  changes  to 
the  graphitoidal  variety,  as  has  been  already  remarked.     Amor- 
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plious  siliooQ  burns  readily  in  the  air  and  in  oxygen.  It  is  not 
acted  upon  tiy  acids,  excepting  fluorliydric  acid,  which  dissolves 
it  with  disengagement  of  hydrogen. 

Graphicoidal  silicon  is  very  similar  to  true  graphite ;  it  crys- 
tallizes in  lustrous  hesagonal  plates  of  a  leaden-gray  color,  and 
is  an  excellent  conductor  of  electricity.  It  is,  however,  much 
harder  than  graphite.  By  exposing  it  to  an  exceedingly  high 
temperature,  it  can  be  transformed  to  the  diamond-like  condition. 
The  diamond -like  modification  of  silicon  occurs  in  the  form  of 
regular  octahedral  crystals,  exhibiting  a  decided  metallic  lustre. 
The  specific  gravity  of  these  crystals  is  2'49.  They  are  less 
bard  than  the  corresponding  crystals  of  carbon  and  boron,  and 
melt  at  the  same  temperature  at  which  cast  iron  melts. 

Either  graphitoidal  or  diamond-like  silicon  may  bo  heated  to 
redness  in  oxygen  gas  without  burning  to  any  appreciable  extent, 
tor  a  film  of  silicie  acid  is  formed  which  protects  the  remainder 
of  the  silicon  and  prevents  it  from  being  consumed ;  but  if  the 
silicon  be  heated  together  with  a  substance  capable  of  fiimishing 
oxygen  in  presence  of  a  base  competent  to  unite  with  silicic  acid 
aud  form  a  fusible  silicate,  it  can  readily  be  oxidized  and  con- 
verted into  a  silicate.  Thus,  when  heated  to  intense  redncso 
with  carbonate  of  sodium,  it  decomposes  the  latter  with  evolution 
of  light  and  heat,  and  there  is  produced  silicate  of  sodium,  while 
carbon  is  set  free ; — ■ 

Na^O,CO,  -J-  Si  =  Na^O.SiO,  +  C. 
In  a  similar  way,  if  silioin  be  heated  in  very  concentrated  solu- 
tions of  causlio  potash  or  soda,  water  will  be  decomposed  and  a 
silicate  of  potassium  or  of  sodium  formed,  while  hydrogen  is  set 

.    2NaH0   +  H,0  -|-   Si  =  Na^SiO,  +  4H. 
Diamond-like  silicon  is  not  attacked  at  the  ordinary  temperature 
by  any  of  the  acids,  excepting  a  mixture  of  flnorhydrie  and  nitric 
acids,  by  which  it  is  converted  into  fluoride  of  silicon.      Hot 
chlorhj'drio  acid  gas,  as  well  as  chlorine,  attacks  it  readily. 

457.  SUieon  and  Hydrogen  (SiH^). — A  gaseous  compound  of 
these  elemente,  called  siliciu retted  hydrogen,  may  be  obtained, 
mixed  with  free  hydrogen,  by  acting  upon  silieide  of  magnesium 
(HgjSi)  with  chlorhydiic  acid;  other  methods  of  preparing  this 
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gas  ^vo  a  purer  product.  It  is  a  colorless  gas,  which  tates  fire 
spontaneously  ou  comiBg  in  contact  with  the  air,  and  burns  to 
silicic  acid  and  water.  On  being  heated  in  a  tube,  out  of  contact 
with  tlie  air,  it  is  decomposed  into  free  hydrogen  and  free  silicon, 
and  the  latter  is  deposited  upon  the  walls  of  the  tube  as  a  shining 
mirror,  similar  to  the  miiTors  of  arsenic  and  antimony  obtained 
in  Expa.  133,  133. 

Silicon  and  Oxygen. — Two  compounds  of  these  elements  have 
been  discovered,  though  but  one  of  them  is  as  yet  well  known. 

4.58.  0.vide  of  StUeon  is  described  as  a  white,  amorphous, 
hydrated  substance,  so  light  that  it  floats  upon  water ;  it  may  be 
obtained  by  treating  with  water  at  0"  the  compound  of  silicon, 
hydrogen,  and  chlorine  described  in  §  472 ;  its  composition  is 
probably  that  represented  by  the  formula  Si^H^Og.  It  is  scarcely 
at  all  acted  upon  by  cold  water ;  but  in  presence  of  alkalies  it 
decomposes  water  rapidly,  with  evolution  of  hydrogen  and  forma- 
tion of  the  higher  oxide  of  silicon,  silicio  acid,  directly  to  be 
described.  At  temperatures  above  300°  it  suffers  decomposition, 
breaking  up  into  silicic  acid  and  silieiuretted  hydrogen.  It  burns 
brilliantly  in  the  air,  and  stiU  better  in  oxygen.  None  of  the 
acids,  excepting  fluorhydric  acid,  have  any  action  upon  it. 

459.  Stlieie  Acid  (SiOJ  constitutes  at  least  one  half  of  the 
crust  of  the  earth.  Besides  being  thus  abundant,  it  is  one  of  the 
most  important  acids  known,  regarded  merely  as  a  chemical 
agent.  It  is  found  everywhere,  sometimes  free,  as  quartz  and 
sand,  sometimes  in  combination  with  metallic  oxides,  in  the  form 
of  salts  known  as  silicates.  It  occurs  more  or  less  abundantly 
in  all  soils,  plants,  and  waters,  while  rocks  like  granite  and 
earths  like  clay  are  largely  composed  of  it.  The  common  mine- 
rals feldspar  and  mica  are  double  silicates  of  aluminum  and 
potassium,  and  of  aluminum,  iron,  and  potassium  respectively. 
In  plants,  the  silicic  acid  (or  silica,  as  it  is  often  called)  is  con- 
tained particularly  in  the  outer  covering  of  the  stalks  and  the 
husks  of  grain.  The  cuticle  of  rattan,  for  example,  contains  a 
large  proportion  of  silica,  and  the  same  remark  is  true  of  most 
of  the  grasses  and  grains.  The  value  of  the  plant  called  horse- 
tail (Eqtiisetum)  as  a  polishing  or  scouring  agent  depends  upon 
the  lai^  quantity  of  silica  contained  in  it. 


sd  by  Google 


460.  Silicic  acid  occurs  in  at  least  two  distinct  isomeric  modi- 
fications,—-in  one  of  which,  it  is  completely  insoluble  in  water  and 
in  acids,  excepting  fluorhydric  ncid,  and  is  only  slowly  soluhle  ia 
boiling  potash-lye;  while,  when  in  the  other  modification,  it  dia- 
Bolves  easily  in  a  solution  of  potash,  and  may  be  retained  in  solu- 
tion in  considerable  quantities  both  by  water  and  by  acids.  Eock 
crystal,  as  it  is  found  in  nature,  may  be  regarded  as  the  type  of 
the  first  or  insoluble  modification,  and  the  soluble  variety  may  be 
prepared  artificially  by  treating  the  solution  of  some  one  of  the 
soluble  silicates  with  chlorhydric  or  sulphuric  acid. 

Fxp.  220.— In  a  block  of  charcoal  12  or  15  cm.  long  by  4  or  5  cm. 
wide  and  thick,  scoop  out  a  small  cup-aliaped  cavity  large  enough  to 
hold  a  pea;  place  in  this  cavity  a  fragment  of  amorphous  quai'tz  or 
flint,  and  lieat  it  intensely  by  means  of  the  blowpipe  (Exp.  202)  during 
several  minutea.  When  the  quartz  baa  become  red-hot,  suddenly 
throw  it  front  the  coal  into  a  dish  of  cold  water ;  it  will  break  up  into 
numerous  small  fragments  or  become  tilled  with  a  multitude  of  cracks, 
and  can  hence  be  readily  pulverized.  Grind  the  broken  quartz  to  fine 
powder  in  a  wedgwood,  or,  better,  in  an  iron  or  agate  mortar;  weigh 
out  1  grm.  of  the  powder,  also  3  grms.  of  canstic  soda,  and  to  the  mix- 
ture of  these  ingredients  add  8  or  10  c.  e.  of  water.  Boil  the  mixture 
in,  a  porceliun  dish  for  an  hour  or  two,  taking  care  to  add,  from  time  to 
time,  water  enough  to  supply  that  lost  by  evaporation ;  then  pour  the 
solution  into  a  tall,  narrow  bottle,  and  leave  it  at  rest  until  the  undis- 
solved portions  of  silica  have  settled  and  the  liquid  has  become  clear. 
The  highly  alkaline  solution  thus  obtained  may  be  regarded  either  as 
an  aqueous  solution  of  basic  silicate  of  sodium,  or  as  a  solution  of 
normal  silicate  of  sodium  in  the  eoda-lye. 

Exp.  221.— To  one-thii'd  part  of  the  solution  obtained  in  Esp.  290 
add  10  or  12  times  its  bulk  of  water,  and  to  this  solution  add  dilute 
chlorh;dric  acid,  drop  by  drop,  until  the  liquor  manifests  a  decided 
add  reaction  (Exp.  S3).  Theliquid  vnll  remain  clear,  and  no  silicic 
acid  will  be  deposited.  All  the  silicic  acid  which  has  been  set  free 
trom  its  combination  vrith  the  alkali  remains  dissolved  in  the  acidu- 
lated water. 

If  the  clear  solution  be  placed  in  a  dialyzer  (S  327),  all  the  chloride 
of  sodium,  together  with  the  free  clilorhydric  acid,  will  pass  ofi' through 
tile  parchment-paper  in  the  course  of  a  few  days,  and  there  will  be  left 
in  tlie  dialyaer  nothing  but  pure  silicic  acid  and  wafer.  Aqueous  solu- 
tions of  silicic  acid,  containing  from  5  to  14  per  cent,  by  weight  of  the 
acid,  may  be  thus  obtained.    This  pure  aqueous  solution  of  aihcic  add 
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eThibita  a  decided  acid  reacition.  It  has  little  or  no  tBBte,  tiougli  when 
applied  to  the  tongue  it  occasions  an  unpleasant  sensation.  It  ia  by  no 
means  so  permanent  as  the  solution,  above  mentioned,  acidulated  with 
chlorhydiic  acid.  When  left  to  itself,  the  aqueous  solution  deposits 
silicic  acid  after  a  while  as  an  insoluWe  gelatinous  precipitate.  In  like 
mftniier,  it  has  been,  observed  that  when  eh!orh)*dric  or  another  acid  ia 
added  to  the  aqueous  solution  of  basic  silicate  of  sodium  in  no  gi'eatei 
quantity  than  is  sufficient  to  exactly  neutralize  the  alkali,  the  liquor, 
though  it  remain  clear  for  a  considerable  space  of  time,  will  giadually 
become  cloudy  and  deposit  silicic  acid. 

I:xp.  222.— To  one-thitd  part  of  the  solution  obtained  in  Exp.  220 
add  at  once  enough  concentrated  chlorhydiic  acid  to  render  the  solu- 
tion acid.  AH  the  silicic  acid  will  immediately  be  thrown  down  as  a 
thick  insoluhie  jelly, 

Exp.  323. — Place  in  a  small  porcelain  dish  a  portion  of  the  solution 
of  Mlicic  acid  in  acidulated  water  obtained  in  Exp.  221,  evaporate 
it  to  dryness  upon  a  watei'-bath,  and  beat  the  residue,  oyer  the  gas- 
lamp,  to  a  temperature  of  180°  or  190°.  Add  water  to  the  cold  dry 
residue,  and  observe  that  the  silicic  acid  does  not  redissolve ;  it  remains 
BS  a  fine  white  powder,  which  may  be  readily  collected  upon  a  filter 
and  there  washed  clean  by  pouring  upon  it  several  successive  portions 
of  water.  After  having:  been  once  thoroughly  dried,  silicic  acid  is 
completely  insoluble  in  water. 

461.  By  adding  chlorhydric  acid  to  a  sufficient  quantity  of  the 
water  of  almost  any  spring  or  river,  and  then  evaporating  the 
water  to  dryness,  a  small  quantity  of  silicic  acid  will  be  found  in 
the  residnum.  The  silica,  in  this  case,  may  be  combined  with 
an  alkali,  or  may  be  held  in  solution  by  the  action  of  an  alkaline 
carbonate.  Silioie  acid  which  has  been  finely  powdered,  or, 
better,  that  which  has  recently  been  precipitated,  is  soluble,  to  a 
considerable  extent,  in  aqueous  solutions  of  the  alkaline  carbo- 
nates, or  even  of  the  bicarbonates,  only  a  small  proportion  of  the 
carbonic  acid  being  expelled  by  it  as  it  dissolves.  It  is  not  im- 
probable, therefore,  that  the  silicic  acid  found  in  waters  may  be 
retained  in  solution  by  force  of  this  solvent  action  of  the  alkaline 
carbonates.  It  is,  at  all  events,  a  matter  of  fact  that  waters 
highly  charged  with  carbonate  of  sodium,  such  as  flow  from  the 
geysers  or  boiling  springs  of  Iceland,  contain,  in  solution,  very 
lai^e  quantities  of  sihca,  much  of  which  is  deposited  as ,  the 
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water  becomes  cold,  upon  the  rocks  and  other  objects  with  which 
it  cornea  in  contact ;  siliceons  petrifactions  are  thus  formed. 

462.  Besides  the  aoluhle  and  insoluble  modifications  above 
mentioned,  a  distinction  is  made  between  the  variet}'  of  silicic 
acid  which  is  found  crystallized  in  nature  and  that  which  occurs 
in  the  amorphous  state.  Crystallized  silicie  acid  is  aniiydrous, 
has  a  specific  gravity  of  from  2-6  to  2-66,  and  is  scarcely  at  all 
acted  upon  by  alkaline  lyes.  The  amorphous  silicic  acid  found 
in  nature  contains  a  certain  amount  of  water,  has  a  specific  gra- 
vity of  only  2'1  to  2'2,  and  is  soluble  in  alkaline  solutioiis. 

As  it  exists  in  the  insoluble  modification,  either  as  found  in 
nature  or  as  prepared  by  calcining  the  artificial  product,  silicic  acid 
b  a  white,  tasteless  solid,  incapable  of  forming  a  cohesive  plastic 
mass  with  water.  It  is  infusible,  excepting  at  very  high  tem- 
peratures, such  as  may  be  obtained  by  means  of  the  osyhydro- 
gen  blowpipe,  in  the  flame  of  which  it  melts  to  a  colorless  glass. 
"When  melted,  it  is  tough  and  viscous,  and,  like  glass,  can  be 
drawn  out  into  fine  threads  which  are  exceedingly  elastic,  par- 
ticularly if  they  be  dipped,  while  white-hot,  into  water.  Silicic 
acid  is  not  volatile  by  itself;  but  when  exposed  to  a  current  of 
gas  or  vapor  at  a  white  heat,  portions  of  it  are  caiTicd  off  by  the 
vapor;  liJte  horacic  acid,  it  can  be  transported  in  considerable 
quanlitiea  by  superheated  steam. 

When  in  the  soluble  modification,  whether  in  the  gelatinous 
hydrated  condition  or  in  the  state  of  an  air-dried  powder  which 
has  never  been  exposed  to  heat,  it  dissolves  readily  in  solutioas  of 
the  caustic  andcarbonatcdalkalies,particularly  if  these  be  heated. 
Some  varieties  of  native  silica,  such,  for  example,  as  the  soft, 
pulverulent,  infusorial  earth  found  at  the  bottoms  of  many  ponds 
and  swamps,  are  as  readily  soluble  in  the  alkalies  as  that  wliieh 
has  been  prepared  artificially.  AU  the  varieties  of  silica  can  be 
dissolved  by  heating  them  with  alkaline  lyes  in  close  boilers  under 
a  pressure  of  4  or  5  atmospheres ;  in  other  words,  oven  crystal- 
lized silica  is  soluble  in  the  alkalies  at  high  temperatures. 

463.  At  the  ordinary  temperature  silicic  acid  is  but  a  weafe 
acid  ;  almost  any  of  the  other  acids  are  capable  of  decomposing 
the  aqueous  solution  of  a  salt  of  silicic  acid  and  of  expcllirtg  the 
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latter  from  its  combinatioD  with  tlio  metal.  But,  as  is  the  case 
with  boracio  acid  also  (§  448),  at  high  temperatures  the  reverse 
of  all  this  is  tiTie,  silicic  acid  being  then  capable  of  expelling  all 
acids  which  are  more  volatile  than  itself.  Neither  variety  of 
silicic  acid  is  acted  upon  at  any  temperature  by  either  carbon, 
hydrogen,  phosphorus,  or  chlorine,  if  these  elements  he  taken 
separately ;  but  when  exposed  at  high  temperatures  to  the  com- 
bined action  of  carbon  and  chlorine,  chloride  of  silicon  and  car- 
bonic oxide  are  produced,  much  in  the  same  way  that  chloride  of 
boron  is  formed  under  similar  circumstances,  as  has  been  shown 
in  §  449.  "When  silicic  acid  is  heated  together  with  carbon,  or 
other  reducing  agents,  in  contact  with  metals  like  iron  or  plati- 
num, some  of  it  is  decomposed,  and  a  sUioide  of  tlie  metal  is 
formed.  Platinum  crucibles  arc  often  injured  in  this  way  by  the 
nascent  silicon  which  forms  when  certain  minerals  are  fused  in 

464.  Silicic  acid  combines  with  many  of  the  metallic  osides 
to  form  salts,  many  of  which  are  of  very  complex  composition. 
Hundi-eds  of  silicates  are  found  in  nature  as  crystallized  minerals, 
and  they  may,  in  general,  be  formed  by  fusing  together  silicic 
acid  and  the  appropriate  metallic  oxide,  or  carbonate,  in  suitable 
proportions.  Most  of  the  silicates  are  fusible,  and  the  greater 
number  of  them,  when  in  the  molten  state,  have  the  power  of 
dissolving,  either  an  excess  of  base,  or  an  excess  of  silieic  acid  over 
and  above  the  quantities  corresponding  to  strict  atomic  propor- 
tions ;  hence  it  happens  that  mixtures  of  silieic  acid  and  of  bases 
may  be  melted  together  in  the  most  varied  proportions.  The 
study  of  the  silicates  thus  becomes  difftcult,  since  it  is  often  im- 
possible to  determine  whether  a  given  silicate  he  really  a  definite 
chemical  compound  or  a  chemical  compound  contaminated  with 
an  excess  of  silicic  acid  or  of  the  base ;  in  very  many  instances, 
moreover,  it  is  probably  true  that  the  excess  of  silica,  above  tho 
normal  atomic  proportion,  or  of  the  base,  is  really  held  in  combi- 
nation by  virtue  of  the  chemical  force,  though  it  be  held  feebly 
and  indefinitely,  as  is  the  case  with  the  ingredients  of  many  solu- 
tions and  metallic  alloys.  (See  §§  49,  76.) 

As  a  general  rule,  the  simple  silicates  containing  but  a  single 
base,  and  no  eseeKs  of  either  base  or  acid,  crystallize  in  passing 
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from  the  liquid  to  the  soUd  condition ;  hut  the  doiihle  silicates 
(compounds  formed  by  the  union  of  two  or  more  simple  silicates, 
and  therefore  containing  at  least  two  different  metals)  usually 
solidity  to  a  non- crystalline,  homogeneous  glass,  AH  the  common 
Tariefcies  of  glass  consist  Msentially  of  such  double  Baits  of  silicic 
acid.  In  general,  those  silicates  of  the  alkali-metals  and  of  lead 
which  contain  an  excess  of  hase  are  more  readily  fusihle  than  the 
normal  or  acid  salts;  those  silicates  which  contain  easily  fusihle 
oxides  melt  at  correspondingly  low  temperatures ;  and  man}'  mis- 
tnres  of  two  or  more  different  silicates  fuse  at  temperaturos  lower 
than  the  melting-point  of  either  of  the  simple  silicates  of  which 
the  mixture  is  composed. 

The  silicates  of  potassium  and  of  sodium,  containing  1  or  3  or 
more  molecules  of  hase  to  one  molecule  of  the  acid,  are  readily 
soluble  in  cold  water,  and  compounds  containing  as  many  as  4 
molecules  of  the  acid  to  one  molecule  of  the  alkaline  base  may  be 
completely  dissolved  in  water  when  boiled  therewith  for  a  con- 
siderable time.  These  acid  compounds  (such,  for  example,  as  the 
Bodium-salt  of  the  formula  Na^O,  2-4810,)  are  much  employed 
m  the  arts  under  the  name  of  Waterglass  or  SoMh  glass.  When, 
howoyer,  the  proportion  of  acid  is  more  than  4^  molecules  to  1 
molecule  of  the  alkaline  base,  the  silicate  may,  for  all  practical 
purposes,  be  regarded  as  insoluble  in  water.  The  silicates  of  the 
metals  not  included  in  the  alkali  group  (§  544)  are,  in  like  man- 
ner, insoluble  in  water,  in  the  ordinary  sense  of  the  word,  though, 
in  the  last  analysis,  it  would  be  hard  to  find  any  silicious  minerals, 
r  glasses,  which  are  not  susceptible  of  being  decomposed  and 
',  to  a  greater  or  less  extent,  by  water.  Some  metallic 
s  may  be  prepared,  not  only  by  tJie  method  of  fusion,  but 
also  by  adding  the  solution  of  an  alkaline  silicate  to  the  solution 
of  a  salt  of  the  metal  whose  silicate  is  desired. 

465.  The  most  commonly  occurring  silicates  may  be  referred 
to  three  or  four  general  classes,  similar  to  the  classes  of  carbo- 
nates (§  414)  : — 1st.  Normal  silicates,  of  the  general  formula 
MjOjSiOj,  such  as  the  crj'stallizable  silicate  of  sodium  Ka^OjSiOj, 
or  the  normal  silicate  of  calcium,  CaO,8iOj.  2d.  Bisilicates,  of  the 
formula  MjO,2SiO^,  such  as  the  bisilieate  of  calcium,  CaO,28iOj. 
3d.  Disilicates  (basic  silicates)  of  the  general  formula  2MjO,SiO  , 
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BMch,  for  example,  aa  the  silieates  of  iron,  2PeO,8iOj,  of  mag- 
neaium,  2MgO,SiO„  of  manganese,  2MnO,8iO,,  and  of  zine, 
22nO,8iO^.  Also,  sesquisilicates,  of  the  formula  SM^O.SSiOj, 
to  whieh  tlie  mineral  meerschanin  maj,  perhapB,  be  referred,  its 
formula  being  2MgO,3SiO^+  2H,0. 

466.  Many  of  the  natural  silicates  may  be  decomposed  by 
digestion  with  the  strong  mineral  acids,  such  as  concentrated 
cMorhydric  acid;  and  this  is  especiallj'  true  of  those  silicates 
which  contain  a  large  proportion  of  base,  and  of  those  containing 
water  of  cryBtallization.  But  many  anhydrous  normal  or  acid 
silicates  are  not  decomposed  by  any  acid,  excepting  fluorhydrio 
acid.  Flnorhydric  acid  attacks  and  dissolves.not  only  pure  silicic 
acid  in  all  its  varieties,  but  all  silicates  as  well,  and,  other  things 
being  equal,  the  rapidity  of  its  action  is  in  proportion  to  the  degree 
of  its  concentration.  Crystallized  silica,  howeyer,  is  much  less 
readily  acted  upon  by  fluorhydrio  acid  than  the  amorphons  variety; 
it  dissolves  slowly  and  without  development  of  heat,  while  amor- 
phous silica  not  only  dissolves  rapidly,  but  the  act  of  solution  ia 
accompanied  with  the  evolution  of  considerable  beat.  Prom  those 
silicates  which  are  decomposed  with  difftculty  by  chlorhydric 
acid  the  silicic  acid  separates  out  as  a  soft  powder ;  but  from 
those  which  are  more  readily  decomposed  the  siHeic  acid  sepa- 
rates as  a  hydrated  gelatinous  mass  when  the  finely  powdered 
mineral  is  digested  with  chlorhydric  acid;  in  this  case  the 
mineral  is  said  to  gelatinize  with  acids.  Some  silicious  minerals 
may  even  be  completely  dissolved,  sihea  and  all,  in  dilute  chlor- 
hydj-ic  acid. 

467.  It  is  remarkable  that,  whUe  some  of  the  hydrated  silicates 
(such,  for  example,  as  the  class  of  minerals  called  zeolites)  can  no 
longer  be  readily  decomposed  by  chlorhydric  acid  after  they  have 
been  ignited,  there  are  other  silicates  (such  as  the  minerals  gar- 
net, epidote,  and  idocrase)  which,  though  scarcely  at  aU  acted  upon 
by  chlorhydric  acid  when  in  the  natural  condition,  may  be  decom- 
posed thereby  with  gelatinization  after  they  have  been  melted. 
Facts  like  these  would  seem,  at  first  sight,  to  indicate  that  silicic 
atid  exists  in  combination,  sometimes  in  the  insoluble,  and  at 
other  times  in  the  soluble  modification,  and  that  it  may  be  trans- 
formed from  the  one  state  to  the  other  without  being  first  set  free ; 
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but  some  of  them  admit  of  being  explained  in  another  way. 
When  any  gihcate,  no  matter  whether  it  he  decomposable  by 
ehlorhydric  ooid  or  unacted  upon  by  this  agent,  is  mixed  with  an 
excess  of  one  of  the  fixed  alkalies,  or  alkaline  earths,  or  with  a 
carbonate  or  nitrate  of  either  of  the  alkaline  or  alkaline -earthy 
metals,  and  the  mixture  then  heated  to  intense  redness,  there  will 
be  obtained  a  melted  or  agglutinated  mass,  which  defomposes 
readily  on  being  treated  with  ehlorhydric  acid,  and  yields  gelati- 
nous silica.  At  the  high  temperature  to  which  the  mixture  is 
exposed,  the  strong  alkaline  or  alkaline -earthy  bases  dombine  with 
the  silicic  acid,  and  there  are  formed  silicates  of  potassium,  sodium, 
calcium,  or  the  like,  easOy  decomposable  by  acids.  Now,  in  the 
caae  of  the  minerals  garnet,  epidote,  and  idocrase,  above  men- 
tioned (which  are  attacked  by  ehlorhydric  acid  after  they  have  been 
melted),  it  may  be  conceived  that  the  strong  bases  (such  as  lime, 
magnesia,  and  protoxide  of  iron)  which  are  contained  in  these 
minerals  have  acted  upon  the  silicate  of  alumina  (also  eotitnined 
in  them)  in  much  the  same  way  that  an  extraneous  alkali  would 
aet  if  it  were  fused  with  the  powdered  mineral, 

468.  Sulphuric  acid,  when  concentrated  or  but  slightly  diluted, 
acts  much  more  energetically  than  ehlorhydric  acid  upon  the  sili- 
cates, apparently  because  of  its  comparatively  high  boiling-point. 
Common  clay,  for  example  (silicate  of  aJnminum),  which  is  but 
little  acted  npon  by  ehlorhydric  acid,  may  he  completely  decom- 
posed when  digested  with  boiling  concentrated  snlphuric  acid, 
silicic  acid  being  aet  free  and  sulphate  of  aluminum  profluced. 
This  decomposition,  like  that  of  the  garnet  above  mentioned,  ia 
in  any  event  very  much  more  readily  effected  if  the  clay  be  first 
gently  roasted  or  calcined.  The  mineral  feldspar  also,  when  in 
fine  powder,  may  be  decomposed  hy  boiling  oil  of  vitriol, 

409.  Contrary  to  the  view  formerly  held  by  many  chemists, 
the  atomic  weight  of  silicon  is  now  thought  to  be  '2,^,  instead  of 
21,  as  formerly.  ITiis  change  makes  the  formula  of  silicic  acid 
SiOj,,  in  strict  analogy  to  carbonic  acid,  instead  of  SiOj  which  was 
for  a  long  time  the  accepted  formula,  or  Si^Oj. 

The  percentage  composition  of  silicic  acid  has  been  determined 
hy  direct  experiment  (by  oxidizing  a  weighed  quantity  of  sili- 
con to  silicic  acid)  to  be  51'92  per  cent,  of  oxygon  and  48-08 
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per  cent,  of  silicon.  But  since  it  is  difficult  in  this  way  to 
oxidize  the  whole  of  the  silicon,  inasmuch  aa  portions  of  it  be- 
come covered  with  silii:ic  acid,  and  are  so  protected  from  the 
further  action  of  osygen,  the  above  result  can  be  regarded 
only  as  a  rough  approximation  to  the  truth.  These  numbers 
would  correspond  to  29'63  as  the  atomic  weight  of  silicon.     For 

51'02  ;  4808 :  ;  (32  =  2  atoms  of  0) :  (x  =  1  atom  of  Si  =  29'63). 
More  accurate  experimentB,  however,  upon  another  plan,  have 
since  show*  that  the  real  atomic  weight  of  silicon  is  28)  or  very 
nearly  28,  as  will  be  fully  set  forth  in  the  nest  section. 

470.  Chloride  of  Silicon  (SiCl^)  is  formed  when  silicon  is 
heated  in  an.  atmosphere  of  dry  chlorine,  or  more  conveniently 
by  heating  together  finely  divided  silicic  acid,  charcoal,  and 
chlorine. 

The  experiment  may  be  conductod  as  follows  : — Hix  tt^etiier  inti- 
mately equal  weights  of  lampblflck  and  dry  pulverulent  silicic  acid, 
such  as  is  obtained  by  decomposing  an  allialine  silicate  with  chlorliydiic 
acid  and  evaporating  the  residue  to  dryness,  as  in  Exp.  233.  Enead 
into  tlie  miKture  enough  oil  to  render  it  plastic,  and  from  the  thick 
paste  thus  formed  make  a  number  of  small  balls  or  pellets ;  roll  these 
pellets  in  powdered  charcoal,  place  them  in  a  Hessian  crucible,  cover 
the  cjTicible,  and  beat  in  a  strong  fire  until  all  tiie  oil  has  been  distilled 
off  or  decomposed.  The  mixture  of  silicic  acid  and  charcoal  is  thus 
left  in  an  open  porous  condition,  well  adapted  for  the  action  of  the 
chlorine.  Place  the  dry  pallets  in  a  porcelain  tube  about  2  cm.  in 
dicimetor,  connect  one  end  of  the  porcelain  tube  with  a  U-tiibe  aur- 
icunded  with  a  freezing-mixture  of  ice  and  salt,  and  to  the  other  end 
attach  a  fiask  in  which  to  generate  chlorine,  taking  care  to  interpose 
between  this  Haslc  and  the  porcelain  tube  one  U-tubc  filled  with  pu- 
micestone  soaked  in  oil  of  vitriol,  and  anotlier  hlied  with  chloride  of 
calcium,  in  order  that  the  gas  may  be  thoroughly  dtied.  Place  the 
porcelain  tube  in  a  suitable  stova  or  furnace ;  pass  into  it  a  alow  cur- 
rent of  chlorine,  in  order  to  expel  the  air,  and  then  build  around  it  a 
hot  fire  of  chai'coal  or  coke  j  finally,  when  the  tube  bas  become  heated 
to  inteuae  redness,  pass  in  the  chlorine  as  fast  as  it  is  absorbed.  The 
chloride  of  silicon  will  be  condensed  iu  the  U-tube  as  a  liquid  which 
has  usually  a  yellow  color,  owii^  to  the  presence  of  dissolved  chlorine. 
In  order  to  purify  it,  the  liquid  may  be  shaken  in  a  dry  flask  with  a 
quantity  of  quicksilver  in  which  a  little  potassium  has  been  dissolved ; 
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after  having  been  decooted  from  tlio  mercury  arxd  subjected  to  redis- 
tillation in  dry  vessels,  it  will  be  found  to  be  pure. 

It  will  bo  noticed  tlint  the  method  here  described,  of  preparing  chlo- 
ride of  alicon.  is  similar  to  that  recommended  for  preparing  chloride 
of  boron  (5  449).  Chlorine  alone  is  not  capable  of  decomposing  either 
silicic  or  boracic  acids ;  but  in  presence  of  carbon  combination  of  chlo- 
rine and  silicon  is  effected,  at  the  same  time  that  carbon  and  oxygen 
unite  to  form  carbonic  oxide  : — 

SiOj  +  20  -I-  401  =  SiC).  +  200. 
471.  Chloride  of  sUicon  is  a  transparent,  colorless,  /ery  mobile, 
volatile  liquid,  of  pungent,  acid,  and  irritating  odor.  It  fumes 
strongly  in  the  dr,  boils  at  59°,  and  is  of  1'52  specific  gravity. 
The  specific  gravity  of  its  vapor  has  been  found  to  be  85-74,  which 
accords  well  with  the  supposition  that  a  molecule  of  chloride  of 
silicon  contains  4  volumes  of  chlorine  and  1  volume  of  silicon- 
vapor  condensed  to  2  volumes : — 

For  if  to  the  weight  of  4  volumes  of  chlorine  (4  X  35-5)  =   .     ,     142 
ITiore  be  added  the  weight  of  1  volume  of  silicon-vapor  =     .     .       28 

The  two  volumes  of  gas  produced  will  weigh 170 

The  weight  of  one  volume  of  the  gas  should,  consequently,  be  eqiml  to 
170  -^  2  =  8-5. 

Chloride  of  silicon  is  at  once  decomposed  by  water  with  for- 
mation of  chlorhydric  acid  and  deposition  of  gelatinous  silicic 
odd, 

SiCl.  -V  2H,0  =SiO,  +  4HC1, 
no  gas  of  any  kind  being  set  free,  and  no  other  products  being 
formed.  The  fact  is  important,  since  it  shows  at  once  tliat  the 
composition  of  chloride  of  silicon  must  correspond  with  that  of 
BUieic  acid— that  in  it  four  atoms  of  chlorine  simply  replace  the 
two  atoms  of  oxygen  contained  in  the  sUicic  acid.  For  knowing, 
as  we  do,  the  composition  of  chlorhydric  acid  (§  98)  and  of  water 
(§  36),  we  are  sure  that,  for  every  atom  of  chlorine  eliminated 
from  the  chloride  of  silicon,  one  atom  of  hydrogen  is  required, 
in  order  that  chlorhydric  acid  may  be  formed,  and  that  for  every 
two  atoms  of  hydrogen  thus  taken  from  the  water,  one  atom  of 
oxygen  will  be  detached.  But  as  no  osygen  escapes  from  the 
solution,  all  of  that  derived  from  the  water  must  evidently  tave 
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combined  with,  the  silicon  to  form  silicic  acid.  Now,  it  is  a  com- 
paratireiy  easy  ninttor  to  determine  tlie  amount  of  chlorine  in 
any  solution  by  adding  to  the  Kolution  nitrate  of  silver,  and  then 
collecting  and  weighing  the  insoluble  chloride  of  silver  which  is 
formed.  Hence,  if  a  weighed  quantity  of  chloride  of  silicon  be 
decomposed  with  water,  and  the  amount  of  eklorine  contained  in 
the  solution  be  determined,  the  difTerence  between  the  weight  of 
chlorine  found  and  the  weight  of  chloride  of  silicon  taken  will 
give  us  the  weight  of  the  silicon  with  which  the  chlorine  was 
combined.  By  careful  experiments,  it  has  been  proved  in  this 
way  that  chloride  of  silicon  contains  in  100  parts  by  weight  16-52 
parts  of  silicon  and  83-48  parts  of  chlorine.  But  83-48  parts  of 
cMorino  are  equivalent  to  18-81  parts  of  oxygen,  for 

(35-5   X   2  =  71)    :    16    ::    83-48  :  {x  =   18-81). 

Wei(/!it  of  two  Weight  of 

ato'nis  of  CI.  one  atom  of  0. 

Hence  18-81  parts  of  oxygen  must  have  combined  with  every 
16-52  parts  of  silicon  contained  in  the  solution;  or,  reduced  to 
per  cent.,  every  46-75  parts  of  silicon  must  have  combined  with 
53-25  parts  of  oxygen ;  and  if  this  proportion  of  oxygen  lead 
to  the  formula  SiO^,  the  proportion  of  chlorine  will,  in  like 
manner,  require  the  formula  SiCl^.  Pi-ora  the  composition  of 
chloride  of  silicon,  as  thus  determined',  the  atomic  weight  of  sili- 
con may  be  accurately  derived  (compare  §  469)  : — 

53-25         :         46-75         =         32         :         (.v  =  28-1) 
I'ei-  cent,  cf  Per  cent,  of  Weight  of  two  Weight  ofont 

Oxygen  Silicon  atoms  i^  atom  of 

'■ ,. ^'  O.i-ygen.  Silicon. 

in  Silicic  Acid. 

Or,  more  directly,  by  the  proportion 

83-48         :         16-52         =        142        i        (x  =  28-1) 
Per  cent,  of  Per  cent,  of  WdgM  of  Weight  of 

Chlonne  Silicon  four  atoms  one  atom 

' V '         ofChlm-»te.  of  Silicon. 

w!  Chloride  of  Silicon. 
At  the  ordinary  temperature,  liquid  chloride  of  silicon  does 
not  act  upon  potassium  ;  but  if  this  metal  be  heated  in  its  vapor, 
chloride  of  potassium  is  formed  and  silicon  set  free  ;  the  reaction 
2o 
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affords,  in  fact,  a  good  method  of  obtaining  silicon  in  the  amor- 
phous state.  There  is  a  bromide  of  silicon  (Silir^)  analogous  to 
tlie  chloride  in  composition  and  properties ;  it  may  he  prepared  in 
a  similar  way.  No  compound  of  iodine  and  silicon  has  yet  been 
discovered. 

472.  Compound  of  Silicon,  Hydrogen,  and  Chhritu. — By 
passing  a  current  of  dry  chlorhydric  acid  gas  over  crystallized 
silicon,  heated  nearly  to  redness  in  a  glass  tube,  and  condensing 
the  product  in  a  receiver  immersed  in  a  freezing-mixture,  there 
is  obtained  a  colorless,  faming  liquid,  which  boils  at  34° ;  the 
density  of  its  vapor  has  been  determined  at  4-64,  the  calculated 
value  being  4'69.  At  a  red  heat  it  decomposes,  yielding  chloride 
of  silicon,  chlorhydric  add,  and  amorphous  silicon.  Its  vapor  is 
very  inflammable,  and,  when  mixed  with  air  or  oxygen,  detonates 
violently  on  being  lighted  ;  chloride  of  silicon,  together  with  a 
smoke  of  chlorhydric  and  silicic  acids,  are  the  products  of  this 
reaction.  Water  rlecomposes  it  instantly,  with  production  of 
hydrated  oxide  of  silicon,  as  has  been  already  set  foith  (§458). 

473.  Fhioride  of  Silicon  (SiFlj)  is  formed  whenever  dry  fluor- 
hydric  acid  comes  in  contact  with  silicic  acid,  either  free  or  com- 
bined. It  may  be  readily  prepared  by  treating  a  mixture  of  sili- 
ceous sand  and  fluorspar  with  oil  of  vitriol. 

In  a  flask  of  about  950  c.  c.  capacity,  place  an  intimate  mixture  of 
9  grms.  of  finely-powdered  quartz-aand,  9  grma.  of  powdered  fluorspar, 
and  63  grms.  of  concentrated  aulpharic  acid.  Heat  the  flask,  and  col- 
lect the  gas  which  is  evolved,  in  tall  bottles  of  150  c.  c.  capacity,  at 
the  mercury  trough.  The  sand  and  fltiorspar  should  both,  be  heated 
before  being  used,  in  order  that  they  may  be  perfectly  dry ;  the  flask 
also  and  the  mercury  in  the  trough  should  be  thoroughly  dried;  for 
fluoride  of  silicon  is  decomposed  by  moisture,  and  the  bulky  precipitate 
of  silicic  acid  which  would  he  formed  might  clog  the  delivory-tube  of 
the  apparatus  or  coat  the  glass  vessels  and  render  them  opaque. 

The  decompoKtion  of  the  gas  by  water  can  readily  be  shown  by 
causing  some  of  it  to  pass. out  from  the  delivery-tube  into  a  bottle 
inverted  upon  the  mercnry-lrough,  one  half  of  which  has  been  filled 
with  water  and  the  other  half  with  quicksilver.  The  water  in  the 
bottle  will  soon  become  filled  with  gelatinous  alica.  With  the 
quantities  of  material  above  given,  there  will  be  obtained  firat  a  bottle 
of  160  o.  c.  capacity  of  air  from  the  flask,  which  should  he  thrown 
away  j  a  bottle  of  the  same  .size  can  then  be  fiUed  with  sufficiently 
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pure  fluoride  of  silicon,  and  in  a  third  bottle  t!ie  decomposition  with 
water  may  be  shown. 

Instead  of  sand,  coarsely  powdered  glass  may  be  placed  in  the  fla^ 
fts  the  source  of  silicon.  In  any  event  tte  glass  of  the  flask  will  be 
somewhat  corroded ;  it  h  better  to  conduct  the  operation  in  a  platinum 
retort,  if  such  a  vessel  can  be  had. 

The  reactions  which  oeeur  among  the  materials  in  the  flask  may  be 
represented  by  the  following  equations : — lu  the  first  place,  fluorhydric 
acid  is  formed  by  the  action  of  sulphuric  acid  upon  the  fluoride  of 
cobium, 

CaFJ,  +  HjSOj  =  CaSO^  +  2HF1, 
and  the  fluorhydric  acid  then  attacks  the  silica, 

SiOj  +  4HF1  =  2HjO  +  SiFl,. 
The  WKter  here  formed  nnites  with  the  sulphuric  acid  which  has  been 
employed  in  excess,  and  is  thus  prevented  from  acting  upon  the  fluo- 
ride of  silicon.  The  reaction  last  named  is  essentially  the  same  as 
that  which  occurs  when  glass  is  etched  with  fluorhydi'ic  acid  gas 
(5  158).  When  the  fluoride  of  silicon  is  brought  into  contact  with 
water,  there  ia  produced,  together  with  the  silicic  acid,  fluosilicic  acid 
(2HFI,SiFlj),  a  compound  to  be  described  directly. 

474.  Fluoride  of  silicon  is  a  colorless  gas  which  fumes  strongly 
in  the  air,  especially  if  the  air  be  moist.  It  has  an  acid  odor 
and  taste,  extinguishes  combustion  though  itself  uninflammable, 
has  no  action  upon  glass,  can  support  a  high  degree  of  heat 
without  being  decomposed,  and  may  be  condensed  by  pressure 
and  cold  to  a  colorless,  very  mobile  liquid.  Its  specific  gravity 
has  been  determined  to  be  51-98,  or  3-6  as  compared  with  air. 
It  oaa  consequently  be  readily  coUeoted  by  displacement,  if 
pains  be  taken  to  protect  it  from  contact  with  moist  air  bymeana 
of  drying- tubes. 

The  specific  gravity  of  this  gas  points  very  decidedly  to  the 
formula  SiFl^,  and  consequently  to  the  number  2S  as  the  atomic 
weight  of  silicon;  and  to  the  formula  SiO^  for  silicic  acid.  For,  if 
a  molecule  of  gas  bo  composed  of 

One  volume  of  silicon- vapor  = 28 

And  four  rolumes  of  fluorine  (19  X   4)  =       .         .         .         .         76 

Condensed  to  two  volumes  = 104 

One  volume  of  the  gas  will  weigh  52,  or  almost  precisely  as  much  as 
has  been  indicated  by  experiment. 
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The  behavior  of  the  gas  with  water  is  peculiarly  int 
If  water  be  sprinkled  into  a  bottle  filled  with  fluoride  of  silicon, 
or  if  the  gas  he  conducted  into  water,  decomposition  occurs  in- 
stantly, and  ailieic  acid  is  deposited  ia  the  gelatinous  condition. 
At  first  sight  it  might  seem  aa  if  the  reaction  were  strictly  analo- 
gous to  that  which  occurs  when  chloride  of  silicon  is  mixed  with 
water  (see  §  471),  and  that  it  could  be  represented  by  the  formula 

SLFl,  +  2H^,0  =  SiO,  +  4HF1; 
but  if  it  be  remembered  that  fluorhydric  acid,  unlike  chlorhydric 
acid,  is  capable  of  dissolving  silica,  it  will  be  at  once  evident  that 
the  reaction  between  water  and  fluoride  of  silicon  cannot  be 
directly  comparable  with  the  other  reaction,  in  which  chloride  of 
silicon  is  concerned.  The  reaction  which  really  occurs  between 
water  and  fiuoride  of  silicon  may  be  represented  by  the  following 
equation : — 

SSiFl^  +   2S.fi  =  SiO,   +   2(2HFl,SiFl,), 
— a  double  compound  of  fluorhydric  acid  and  fluoride  of  silicon, 
known  as  Jlvosilicic  acid,  being  the  other  product  besides  silica. 

Fluosilicie  acid  may  be  prepared  either  in  the  manner  indicated  in 
S  473,  or  more  conveniently  by  conducting  fluoride  ot  silicon  gas  into 
an  upright  bottle  flill  of  water ;  in  this  ease,  however,  the  orifice  of  the 
■hibe  which  delivers  the  gas  should  be  immersed  in  a  layer  of  mercury, 
S  or  4  cm.  deep,  beneath  the  water,  so  that  the  gas  may  bubble  up 
through  the  mercury,  and  the  water  never  come  in  contact  with  the 
mouth  of  the  del iveiy- tube.  In  this  way  the  tube  may  be  kept  free 
from  the  silicic  acid  which  would  quickly  clog  it  if  it  opened  directly 
into  the  wat*r.  As  the  bubbles  of  fluoride  of  silicon  escape  from  the 
mercury,  each  of  them  becomes  covered  with  a  thick  crust  of  gelalj- 
nous  silica,  which  it  carries  with  it  to  the  surface  of  the  water.  Some- 
timea  one  of  these  crusts  vrill  remain  adhering  to  the  mercury  and  vrill 
be  gradually  prolonged  into  the  form  of  a  tube  extending  from  the 
mercury  to  the  surface  of  the  water.  Such  tubes  should,  however,  be 
broken  up,  by  stirring  the  liquor,  lest  fluoride  of  silicon  escape  through 
them  into  the  air  without  coming  in  contact  with  water. 

Another  modification  of  the  method  of  preparing  fluosilicie  acid  is  to 
conduct  the  gas  into  a  large  flask  containing-  but  little  water,  and  to 
agitate  this  flask  so  that  its  sides  may  be  continually  moistened  with 
water,  although  no  water  can  come  in  contact  with  tiie  opening  of  the 
gas  deliveiy-tube.    The  following  quantitieB  of  materials  have  been 
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found  convenient  in  practice.  In  a  flitsk  of  600  ut  700  c.  c.  capacilj 
place  a  niiitiire  of  35  gcras.  of  powdered  sand,  35  grms.  of  powdered 
fluorspar,  and  310  grms.  of  concentrated  sulpliurie  iicid.  Pkce  tiie 
fiasli  upon  a  sand-bath  over  the  gas-lamp,  and  by  means  of  a  delivery- 
tube  connect  it  either  with  the  bottom  of  a  tall  boftle  containing 
160  c.  c,  of  water  aad  enough  mercury  to  form  the  layer  above  de- 
Bcribed,  or  with  the  middle  of  a  flask  of  700  or  800  c.  c.  capacity,  and 
containing'  150  c,  c,  of  wafer.  In  the  latter  case  the  receiving-flask 
must  be  agitated,  as  aforesaid,  so  that  il«  walls  nmy  be  kept  moist. 
When  the  evolution  of  gas  has  ceased,  the  gelatinous  mass  in  tjie  bottle 
should  be  thrown  upon  apiece  of  cotton  doth,  and  the  Equid  contained 
in  it  separated  from  the  solid  matter  by  pressure.  The  cloudy  liquor 
thus  obtiuned  may  be  rendered  clear  by  filtering  it  through  paper. 
The  clear  liquid  is  a  strong  aqueous  solution  of  fluosiiicic  acid,  and  the 
solid  matter  is  hydrated  silicic  acid. 

475.  Fluosiiicic  acid  is  kaown  only  in  aqiieons  solution.  The 
saturated  solution  is  a  transparent,  colorless,  fuming,  and  very 
acid  liqnid,  which  has  no  action  upon  glass,  and  may  consequently 
be  kept  in  glass  bottles.  It  cannot  bo  distilled  without  suffering 
decomposition,  nor  can  it  be  evaporated  beyond  a  certain  degree 
of  concentration  without  breaking  np  into  fluoride  of  silicon  and 
flnorhydric  acid.  If  the  evaporation  is  conducted  in  aglass  vessel, 
tho  silica  of  the  glass  vrill  retain  the  fluorhydric  acid,  and  only 
fluoride  of  silicon  and  water  wiU  be  set  free.  The  reaction  which 
occurs  in  thb  case, 

SiO,  +  2(2HFl,SiP]J   =  2H,0   +  3SiFl^, 
is  just  the  reverse  of  that  which  takes  place  when  fluoiide  -of  sili- 
con is  decomposed  by  wa'or — 

2H^0  +  3SiFJ.  =  SiO^  +  2(2HFl,SiFlJ. 
With  bases  fluosiiicic  acid  unites  to  form  compounds  known  as 
fluosilicatcs,  such  as  the  fl.uosilicate  of  potassium,  K^SiFIj  = 
2KFl,SiFl^,  and  fluosilicate  of  barium,  BaSiFl,  =  ISaFl^SiFl^. 
if  no  excess  of  the  base  be  present ;  bnt  if  an  excess  of  the  base 
be  added,  silicic  acid  will  be  precipitated,  and  the  whole  of  the 
fluorine  will  unite  with  the  metal  contained  in  the  base  to  form 
a  fluoride.  In  the  first  case,  where  no  excess  of  base  is  employed, 
the  reaction  maybe  thus  represented; — 

2KH0  +  H^SiFl,  =  2H,0  +  K^SiFl,. 
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In  the  second  ease,  where  an  excess  of  tho  base  is  present, 

6KH0  +  H,SiFl,  =  4H^0  +  SiO,  +  6KF1. 
Most  of  tie  fluosilicatea  are  easily  soluhle  in  water ;  hut  some  of 
them  are  so  nearly  insoluLle  that  the  acid  is  sometimes  employed 
as  a  precipitant  of  various  oxides.  It  is  remarkahle  that  pre- 
oisely  those  hasea,  namely  tho  alkalies,  which  form  soluble  salts 
with  almost  all  the  other  acids,  should  here  yield  insoluble  com- 
pounds. Jluosilicic  acid  is  in  fact  a  good  rei^ent  for  the  detection 
of  potassium ;  and  it  is  valuable  as  a  means  of  removing  potassium 
from  many  of  its  salts  when  we  desire  to  obtain  in  a  free  state  the 
acids  which  these  salts  contain.  (Compare  §  124.) 

476.  Sulphide  of  SUieon  (SiS^)  occurs  in  white,  needle-like 
crystals,  unalterable  in  dry  air.  It  is  volatile  at  the  temperature 
of  redness,  and  is  decomposed  at  once  by  water,  with  deposition 
of  gelatinous  silica  and  evolution  of  sulphydric  acid  :— 

8J8,  +  2Ep  =  SiO^  +  2H^S. 
Like  sulphide  of  boi-on,  it  may  be  obtained  by  passing  the  vapor 
of  bisulphide  of  carbon  over  a  mixture  of  silicic  acid  and  carbon 
heated  to  redness, 

477.  As  has  appeared  abundantly  from  tho  foregoing,  the  three 
elements  carbon,  boron,  and  silicon  constitute  a  distinct  natural 
family.  This  family  differs  in  character  from  each  and  every  one 
of  the  other  natural  groups  of  elements  hitherto  described  (§§  152, 
257,  364).  The  occurrence  of  carbon  and  silicon  in  three  di- 
stinct and  extraordinary  modificatious  (as  diamond,  graphite,  and 
charcoal),  and  of  boron  in  the  diamond  and  amorphous  modifica- 
tions, distinguishes  this  group  from  all  others.  The  eminently 
refractory  nature  of  the  several  members,  and  their  fisity  as  re- 
gards heat  and  solvents,  are  marked  characteristics  of  the  three 
elements.  The  vitrifiable  character  of  the  oxides  of  boron  and 
silicon  (boracic  and  silicic  acids),  and  of  the  borates  and  silicates 
of  many  of  themetaJs,  is  a  noteworthy  resemblance  between  these 
elements.  Kemarkable  resemblances  between  the  hydrated  car- 
bonate, borate,  and  silicate  of  sodium  often  manifest  themselves 
to  the  chemical  manipulator.  The  con-esponding  compounds  of 
carbon,  boron,  and  silicon,  with  the  members  of  the  chlorine  group, 
and  with  the  members  of  the  sulphur  group,  have  similar  proper- 
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ties,  result  from  like  reactions,  and  suffer,  for  the  most  part,  ana- 
logous deeompositioas  ;  but,  in  the  present  state  of  the  science, 
only  the  compounds  of  carhoji  and  silieoa  can  be  said  to  have  also 
the  same  atomic  eonatitution.  The  three  members  of  this  group 
are  not  arranged  in  the  order  of  their  atomic  weights,  as  has  been 
the  case  with  all  the  preceding  gi-oups ;  but  if,  in  the  future, 
boraeic  acid  comes  to  be  written  BO^,  the  atomic  weight  of  boron 
will  be  14,  and  therefore  higher  thau  that  of  carbon.  The  exist- 
ing anomaly  in  the  arrangement  of  the  group  will  then  disappear. 
The  collocation  of  these  three  elements,  and  the  order  in  which 
they  now  stand,  is  based  upon  too  many  natural  resemblances  to 
be  lightly  set  aside. 


CHAPTE-R  XXIII. 


478.  This  abundant  element  is  chiefly  found  in  ii.iturB  m  tho 
state  of  chloride,  nitrate,  carbonate,  borate,  jnd  silicate  The 
most  abundant  of  its  compounds  is  common  saU,  which  is  the 
combination  of  sodium  with  chlorine  (NaCl)  &ea-water  contains 
two  and  a  half  per  cent,  of  salt,  and  enormous  deposit'  ot  the  same 
substance  are  found  in  the  solid  crust  of  the  eiith  There  are 
also  many  natural  salt  springs,  whose  waters  yield  on  evaporation 
the  chloride  of  sodium  which  they  hold  in  solution.  Sodium  also 
occurs,  in  the  condition  of  silicate,  in  very  many  common  minerals 
and  rocks.  From  the  soil  which  has  resulted  from  the  disinte- 
gration and  decomposition  of  these  minerals  and  rocks,  and  from 
its  soluble  compounds,  like  common  salt,  sodium  enters  into  plants, 
and  thence  into  animals.  Its  chloride  is  one  of  the  essential 
mineral  constituents  of  the  food  of  man  and  other  animals.  On 
account  of  the  inexhaustible  abundance  of  common  salt,  this  sub- 
stance constitutes  the  chief  source  from  which  all  manufactured 
compounds  of  sodium  are  more  or  less  directly  derived ;  one  other 
natural  sodium -containing  mineral,  however,  deserves  mention  as 
a  source  of  sodium  compounds — the  mineral  Cryolite,  a  double 
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fluoride  of  sodium  and  aluminmn.  Hitrate  of  Hodiiun  (KaNO,),  a 
somewhat  deliijuesceDt  and  very  soluble  salt,  oueurs  abundantly 
on  the  surface  of  tho  soil  in  certain  desert  diatricts  of  Peru. 
When  heated,  this  salt  first  fuses  and  then  undergoes  decomposi- 
tion. It  is  employed  in  the  manufacture  of  nitric  and  sulphuric 
acids  and  as  a  manure ;  but  as  a  source  of  sodium-compounds 
it  is  comparatively  insignificant. 

479,  Chloride  of  Sodium  (NaCl). — There  is  but  one  chloride  of 
sodium — common  salt.  This  natural  mineral  is,  when  pure,  a 
colorless,  transparent,  anhydrous  stone,  which  crystallizes  in  cubes, 
dissolves  readUy  in  about  three  times  its  weight  of  cold  water, 
and  possesses  a  specific  gravity  of  2'15,  and  an  agreeable  taste, 
which,  because  familiar,  is  the  representative  or  type  of  that  pecu- 
liar savor  called  saline.  A  saline  taste  means  a  taste  suggestive  of 
that  of  common  salt,  just  as  the  phrase  "  saline  substance  "  cha- 
racterizes a  Tory  large  class  of  bodies  which  resemble  more  or  less 
in  appearance  and  properties  the  longest-  and  best-known  of  all 
such  substances,  common  salt. 

There  are  three  sources  of  salt — the  beds  of  the  native  mineral, 
saline  springsj  and  sea- water.  In  all  cases  in  w}iich  the  salt  is  obtained 
iiom  its  solution  in  water,  evaporation  by  Are,  or  by  the  heat  of  the 
gun  iu  warm,  sunny  climates,  is  necessary.  When  pure  enough,  the 
rock-salt  is  mined  like  any  other  ore ;  but  when  it  is  mixed  with  earth 
or  other  impurities  as  it  lies  in  its  natural  bed,  the  solubihty  of  the 
chloride  of  sodium  in  water  is  availed  of  to  free  the  salt  from  its  in- 
soluble impurities,  and  to  ferilitate  the  lifting  of  it  to  the  surface  of  the 
earth.  Watei  is  let  into  the  bed  of  salt,  and  allowed  to  remain  there 
till  it  has  become  saturated ;  the  brine  is  then  pumped  out  and  evapo- 
rated. Some  natural  brine-springs  contain  so  small  a  proportion  of 
salt  that  some  cheaper  mode  of  evaporation  than  by  fire  is  essential  to 
their  profitable  working.  Such  waters  are  concculrated  by  a  process 
termed  graduatitm.  The  brine  is  pumped  up  to  a  sufficient  height,  and 
then  allowed  to  trickle  slowly  over  large  stacks  of  fagots,  which  are 
sheltered  by  a  roof  from  rain,  but  are  freely  exposed  to  the  prevailing 
wind.  The  brine,  thus  diffused  over  a  very  large  surface,  is  rapidly 
concentrated  by  the  draft  of  air.  By  repeating  the  process  a  moderate 
number  of  times,  a  weak  brine  may  be  brought  to  a  degree  of  concen- 
tration at  which  evaporation  by  fire  may  be  employed.  Since  almost 
all  brines  coutain  sulphate  of  calcium  (CaSO^)  iu  solution,  the  surfaces 
of  the  fagots  employed  iu  the  graduation  process  become  covered  with 
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ft  stony  coating  of  this  comparatively  insoluble  salt.  If  the  strong  brine 
is  boiled  down  rapidly,  a  flne-grained  tafole-salt  is  obtained;  if  it  is 
slowly  evaporated,  a  hard,  coarsely  crystallijed  salt  is  the  product. 
Dnving  the  eai'lier  stages  of  the  evaporation  a  deposit  is  formed,  con- 
sisting principally  of  sulphate  of  sodium  and  sulphate  of  calcium. 
Finally  there  remtiina  a  thick  mother-liquor,  from  which  no  more 
chloride  of  sodium  will  crystallize,  hut  which  conttuns  the  more  soluble 
salts  of  the  original  hrine,  such  as  chloride  of  calcium,  and  chloride 
and  bromide  of  magnesium,  besides  a  large  proportion  of  conunon  salt 
which  cannot  b«  separated  from  the  liquor.  Such  mother-liquors  are 
sometimea  so  rich  la  raagnesinm-salta  as  to  be  advantageously  worked 
for  these  substances,  and  they  are  also  sometimea  profitable  sources  of 
bromine.  Considerable  quantities  of  maguesium-salta  and  of  broniiiK ' 
have  also  been  extracted  from  concentrated  sea-water  after  all  the 
available  chloride  of  sodium  has  been  withdrawn.  The  salt  of  com- 
merce generally  contains  a  small  proportion  of  chloride  of  magnesium, 
which  makes  it  slightly  deliquescent  and  bitter. 

Exp.  224.— Heat  a  few  eiyatals  of  coarse  salt  on  a  piece  o£  sheetr-iron 
over  the  gas-lamp.  The  crystals  will  decrepitate  forcibly,  and  the 
greater  pait  of  the  salt  wiH  be  thrown  off  the  plate;  what  remains  will 
melt  as  the  temperature  rises,  and  if  the  heat  bo  strong  enough,  it  will 
finally  volatilize.  The  decrepitation  is  due  to  little  particles  of  water, 
mecbanicallj  enclosed  in  the  crystals,  which,  when  expanded  by  heat, 
burst  the  crystals  asunder. 

Exp.  225. — Dissolve  9  grms.  of  tine  salt  in  26  c  c  of  water  at  about 
20°.  Add  to  the  solution  another  gramme  of  salt,  it  will  not  dissolve. 
Brinfi;  the  solution  to  boiling;  the  added  gramme  ot  palt  will  barely 
dissolve.  Chloride  of  sodium  is  scarcely  moie  *nl  ihle  in  hot  than,  in 
cold  water,  wherein  it  differs  from  the  great  majont)  ot  soluble  salts. 
Evaporated  brines  deposit  their  salt  with  ahno'<t  equal  fiicility  when 
hot  and  when  cold ;  but  the  hot  liquors  will  hold  m  solution  a  much 
greater  proportion  of  the  salts  with  which  the  chloiide  of  sodium  is 
associated,  than  the  cold  brines  could  retain.  In  the  process  of  eva- 
poration by  lire,  the  associatpd  magnesium,  calcium,  and  sodium-salts 
therefore  do  not  crystallize  with  the  coimnou  salt,  but  remain  in  the 
hot  mother-liquor. 

Exp.  220.— Expose  a  saturated  aolufion  of  salt  in  winter  weather 
to  a  temperature  of  —10°.  Large,  transparent,  six-sided  tables,  which 
contwn  a  considerable  proportion  of  water  chemically  combined,  will 
crystallize  from  the  solution.  The  warmth  of  the  hand  lb  sufficient  to 
destroy  this  crystalline  compound;  the  water  separates,  and  the  crvs- 
tals  are  resolved  into  a  mass  of  minute  cubes. 
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480.  The  uses  of  common  salt  are  manifold.  Since  it  is  a  con- 
stituent of  almost  all  kinds  of  food,  and  essential  to  the  life  of 
animals,  it  is  not  surprising  that  salt  exists  in  small  quantities  in 
almost  every  spring,  soil,  plant,  and  animal.  The  antiseptic  qna- 
lity  of  salt  is  applied  to  the  preservation  of  fish,  meat,  and  wood. 
Salt  is  extensively  employed  in  glazing  earthenware,  its  volatility 
at  furnace-heat  (Exp.  224)  combining  with  other  qualities  to  fit 
it  for  this  use.  Immense  quantities  of  salt  are  consumed  in  pre- 
paring sulphate  of  sodium,  from  which  in  turn  common  "  soda  " 
(carbonate  of  sodium)  is  made.  From  the  carbonate  of  sodium 
thus  obtained  the  greater  number  of  other  sodium  compounds  are 
prepared.  Salt  is  also  the  source  from  which  ehlorhydrio  acid 
and  chlorine  are  derived  (§§  101,  105). 

481.  Bromide  and  Iodide  of  Sodium  (NaBr  and  Nal).— These 
salts  bear  a  close  resemblance  to  the  chloride  of  sodium;  thej 
both  crystallize  in  anhydrous  cubes,  and  both  occur  native  in  sea- 
water,  though  in  minut*  proportion.  Many  marine  plants  appro- 
priate iodide  of  sodium  from  sea- water ;  sea-weeds  are  therefore 
the  commercial  source  of  iodine  (§  135). 

482.  Sulphate  of  Sodium  (Na^SO,).— This  compound  is  made 
in  great  quantities  from  common  salt  and  sulphuric  acid  as  a  pre- 
liminary step  in  the  manufacture  of  carbonate  of  sodium. 

The  process  has  two  sts^s.  The  first  opemtion  is  performed  in 
Ifti^,  covered,  cast-iron  pans,  capable  of  holding  250  kilos,  of  salt,  and 
au  equal  weight  of  sulphuric  acid  of  the  density  of  17,  A  very  gentle 
heat  suffices  to  disengage  from  such  a  mixture  enormous  volumes  of 
chlorhydric  acid  gas ;  this  gas,  which  would  he  injurious  to  vegetation 
if  suffered  to  escape  into  the  air,  is  all  absorbed  by  being  passed  through 
vertical  stone  towers,  filled  with  lumps  of  coke,  over  which  water  is 
kept  trickling.  The  reaction  in  the  iron  pan  is  by  no  means  complete, 
much  chloride  of  sodium  remaining  undecompoaed.  The  reaction  at 
this  first  st^e  may  be  represented  a?  follows : — 

2Na01  -f-  H,SO,  =  NaCl  +  NaHSO,  +  HOL 
The  pasty  mass  is  then  pushed  into  an  adjoining  fire-brick  chamber, 
which  is  strongly  heated  by  flues  from  a  furnace.  The  acid  sulphate 
of  sodium  of  the  last  reaction  decomposes  the  remainder  of  the  salt, 
and  a  further  quantity  of  ehlorhydric  acid  is  disengaged  to  be  con- 
densed by  the  water  in  the  colte-towers,  while  sulphate  of  sodium 
remains!—       jj^^  +NaHS04  =  Na^SO^  -f-  HCL 
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The  sulphuric  acid  used  in.  this  process  is  not  stronger  than  can  readily 
he  made  bj  evaporation  iu  leaden  pans  {compare  5  230) ;  it  is  always 
made  on  the  spot  The  crude,  weak,  cMorhydric  acid,  wliich  is  the 
incidental  product  of  the  manufacture  of  sulphate  of  sodium,  has  of 
course  some  value  in  the  arts ;  a  portion  of  the  product  is  often  imme- 
diately consumed  in  the  same  fiictoryiu  the  manufacture  of "  hleaching- 
powder  "  (55  105, 120).  In  some  works  the  smoke  and  gases  from  the 
firas  pass  through  the  coke-towers  in  which  the  ehlorhydiic  acid  is 
absorbed ;  in  others,  the  products  of  combustion  are  not  suSered  f«  ■ 
mix  with  the  liberated  chlorhydric  acid,  but  are  conducted  by  separate 
flues  around  the  pans  and  chambers  t*>  be  heated,  and  thence  into  the 
main  chimney.     The  latter  mode  of  construction  is  the  best. 

The  sulphate  of  sodium  resulting  from  this  process  is  a  white 
anhydrous  salt  which  dissolves  easily  in  water  at  30°.  '  When  a 
strong  solution  of  the  anhydrous  suit,  made  at  this  temperature, 
ia  cooled,  there  separate  iaj-ge  colorless  ci'ystala  of  a  transparent 
salt,  biiter  and  cooling  to  the  taste.  This  salt,  long  known  as 
Glauber's  salt,  contains,  besides  the  elements  of  sulphate  of  so- 
dium, ten  molecules  of  water ;  it  therefore  answers  to  the  formula 
Ha^SO„10Hj.O.  There  is  another  hydrated  sulphate  of  sodium, 
■which  contains  only  seven  molecules  of  water.  These  hj  drated 
salts  ejjloresce  in  dry  air,  and  crumble  into  an  opaque  powder  of 
the  anhydrous  salt. 

Exp.  227.— Place  10  grms.  of  crystalE/ed  Glauber's  salt  m  a  ta  arm, 
dry  place.  When  it  is  completely  converted  into  a  ivliite  ponder, 
wejg-h  the  residue.  Since  Glauber's  salt  is  more  than  half  wattr,  the 
dry  residue  will  not  weigh  more  than  4-6  grms. 

Exp.  228.— In  a  flask  holding  about  250  c.  c,  heat  50  c.  c.  of  water 
t«  a  temperature  of  33°,  and  keep  the  water  at  this  temperature,  as 
determined  by  a  thermometer  immersed  in  it.  Add  to  the  warm  water 
161  grms,  of  crystalhaed  Glauber's  satt.  If  tiiis  saturated  solution  be 
made  hotter,  the  anhydrous  sulphate  of  sodium  crystallizes  out  in  octa- 
hedrons of  rhombic  base;  if,  on  the  other  hand,  the  solution  be  suffered 
to  cool,  crystals  of  the  common  hydrated  Glauber's  salt  appear.  This 
example  forcibly  illustrates  the  general  fact  that  the  relations  of  water 
to  other  bodies  ai'e  greatly  affected  by  temperature. 

Exp.  229.— Dissolve  10  grms.  of  crystallized  Glauber's  salt  in  water 
of  which  the  temperature  has  been  previously  observed;  during  solu- 
tion the  temperature  falls;  cold  is  produced,  iu  consequence  of  the 
expenditure  of  some  of  the  heat  of  the  mixture  iu  overcoming  the  co- 
hesion of  the  crystallized  salt.     Dissolve  a  like  quantity  of  effloresced 
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G  laiiber'a  salt  (anhydrous  sulphate  of  sodium)  in  a  small  bulk  of  water ) 
heat  will  he  developed.  A  part  of  the  water  ia  solidified  by  combining 
Witt  the  anhydrous  sulphate  to  form  the  hydrated  sulphate,  and  the 
heat  which  before  kept  that  quantity  of  water  fluid,  being  set  Iree  to 
do  other  work,  raisea  by  a  certain  amount  the  temperature  of  the 
mixture. 

Exp.  230.— Diasolve  50  grms.  of  Glauber's  salt  in  25  c.  c.  of  water 
in  a  small  flask,  by  heating  the  contiiuia  of  the  flask  until  the  liquid 
boils.  Cover  tlie  mouth  of  the  flask  loosely  with  a  card  or  piece  of 
glass,  and  allow  the  liquid  to  cool,  at  perfect  rest,  to  the  ordinary  tem- 
perature. No  crystals  will  be  depoated  from  the  fluid,  although  the 
water  holds  in  solution  a  much  lai^er  quantity  of  salt  than  it  could 
dissolve  at  the  atmospheric  temperature.  Such  a  solution  is  said  to  he 
uipereatttrated.  The  crystaDiiation  of  such  a  solution  may  generally 
be  brought  about,  almost  instantaneously,  by  jarring  the  vessel  which 
contains  it,  or  by  permitting  some  foreign  body,  like  a  glass  rod,  a  wire, 
a  crystal  of  the  salt,  or  a  grain  of  dust,  to  come  in  contact  with  the 
fluid.  By  touching  with  a  stick  or  glass  rod  the  clear  solution  pre- 
pared as  above  described,  this  sudden  crystaUization  will  be  strikingly 
jUustrafed,  the  whole  mass  becoming  solid. 

Crystallized  sulphate  of  sodium  is  rapidly  soluble  in  cblorhydric  acid, 
with  great  depression  of  temperature.  A  convenient  refrigerating  mix- 
ture may  be  prepared  in  climates  where  ice  is  dear,  by  pouring  5  paxta 
of  the  commercial  acid  upon  8  of  the  crystallized  sulphate.  The  eflects 
of  solution  on  temperature,  and  the  phenomena  of  supersaturated  solu- 
tions, though  well  e:thihited  by  sulphate  of  sodium,  are  by  no  meana 
peculiar  to  this  substance ;  they  are  manifested  to  a  greater  or  less 
degree  by  a  lai^  number  of  salts. 

483.  The  Double  SulpJiate  of  Sodium  and  Hydrogen  (NaHSO,) 
ia  a  very  acid  salt,  to  which  the  name  of  bisulphate  is  commonly 
applied.  'When  heated  it  first  gives  up  a  molecule  of  water,  and 
subsequently,  at  a  higher  temperature,  a  molecule  of  anhjdroUB 
sulphuric  acid ;  the  anhydrous  salt  is  therefore  employed  aa  a, 
convenient  source  of  the  teroxide  of  sulphur, 

2(KaHS0,)  =  Hp   +  SO,  -I-  Na^SO,. 
The  formation  of  this  double  sulphate  marks  an  intermediate 
stage  in  the  making  of  sulphate  of  sodium  and  ehlorhydrie  acid 
from  common  salt ;  and  it  is  the  residue  of  the  nitric-acid  manu- 
facture whenever  nitrate  of  sodium  is  employed. 

484.  Carbonate  of  Sodium  (NafiO^). — The  manufacture  of  this 
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Bnbstfuice  constitutes  one  of  the  most  important  branches  of  ehe- 
mieal  industry.  Immense  quantities  of  it  are  consnniod  in  the 
fabrication  of  glass  and  soap,  in  the  preparation  of  the  various 
compounds  of  sodium,  and  in  washing,  both  by  the  manufacturer 
of  cloth  and  in  the  household.  The  ashes  of  sea  and  sea-shore 
plants  were  formerly  the  source  of  the  carbonate  of  sodium,  but 
it  is  now  chiefly  made  from  common  salt  by  a  process  called,  from 
the  name  of  its  French  inyontor,  the  process  of  Loblanc, 

The  first  stage  of  this  procesa  we  baie  already  studied  ;  it  conaists 
in  the  preparation  of  sulphate  of  sodium  from  common  salt.  The 
second  sta^e  consists  in  the  reduotion  of  this  sulphate  to  the  condition 
of  sulphide  of  sodium  in  presence  of  carbonate  of  calcium;  by  in- 
terchange of  metala  there  results  sulphide  of  calcium  and  carhonate  of 
sodium.  The  sulphate  of  sodium  is  ground  up  with  an  equal  weight  of 
chalk  and  rather  more  than  half  its  weight  of  coal,  and  the  mixture  la 
thoroughly  melted  by  the  flame  of  a  reverberatory  furnace.  The  black 
mass,  which  is  called  "  black  ball "  or  "  black  ash,"  is  cast  into  blocks 
in  iron  wheelbarrows,  cooled,  broken  up,  and  systematicallv  washed 
with  warm  water  until  all  the  soluble  portions  aro  estracted.  The 
black  solution  is  evaporoted  in  large  iron  pans  by  the  waste  heat  of 
the  reverberutory  furnaces.  The  residue  contains  some  caugtic  soda, 
mised  with  the  carbonate ;  the  residue  is  therefore  mixed  with  about 
one-SBTenth  of  its  weight  of  sawdust,  or  like  material,  and  roasted  in 
a  reverbetatory  furnace.  The  product  of  this  heating  is  the  soda-ash 
oi  commerce ,  it  :s  almost  white,  and  generally  contains  about  80  per 
cent  ol  pure  anhydrous  carbonate  of  sodium. 

The  10  called  cnjxiah  of  soda  are  obtained  by  dissolving  the  crude 
soda-agh  in  hot  water,  and  sufiering  the  hot  solution  to  cool  in  lai'go 
pans  III  the  course  of  five  or  six  days,  large  transparent  crystals  are 
fornii  d  which  contain  62'93  per  cent,  of  water,  and  correspond  to  the 
foimula  ^  a~OO„10H,O.  The  impure  mother-liquor,  drained  from  the 
ci^iitala,  IS  used  in  the  manuEicture  of  caustic  soda.  These  crystals 
eflloresce  m  the  air;  they  haye  a  disagreeable,  taste,  called  alkaline, 
aie  soluble  m  yen  large  projiortion  both  in  hot  and  cold  water,  and 
liien  melt  at  a  moderate  temperature  in  their  own  water  of  erysfal- 
lization  The  crjstals  readily  part  with  all  their  water,  and  the  dry 
residue  melts  at  a  bright-red  heat;  this  residue  is  anhydrous  car- 
bonate of  sodium,  purified  by  the  procesa  of  crystallization  which  it 
ha?  undei^ne  In  this  case,  as  in  all  others,  the  process  of  ciystal- 
hzation  consists  essentially  in  the  aggregation  of  like  particles ;  the 
strong  tendency  is  to  esdude  heterogeneous  particles,  or,  in  othel 


sd  by  Google 


398  BICAEBOIfATE  OF  SOBIITH. 

words,  impurities,  from  the  cryatallizing  structure.  There  is  no  more 
universally  applicable  and  valuable  means  of  puriScatJon  tiiiLa  the 
process  of  crystallization. 

The  purchaser  of  carbonate  of  sodium  for  the  aake  of  the  alkali 
which  it  confMna  will  prefer  soda-ash  to  soda-crystal'  uuUss  the 
purity  of  the  material  be  aa  important  consideration  The  crjstala 
are  purer  than  the  ash ;  but  more  than  half  their  weight  lo  water, 
which  must  be  transported  at  the  cost  of  the  consumer  Fffloreicpd 
crystals  are  more  advantageous  to  buy  by  weight  than  c^Htals  ^vhich 
have  not  lost  their  water  by  exposure  to  the  air.  There  are  several 
hydrates  of  carbonate  of  sodium,  of  different  soluWlitiea 

485.  Double  Oarhonate  of  Sodium  and  Hydrogen  (NaHCOj). — 
When  masses  of  crystals  of  hydratod  carbonate  of  sodium  (soda- 
crystals)  are  exposed  to  an  atmosphere  of  carbonic  acid  gas,  they 
absorb  carbonic  acid  with  an  evolution  of  heat  suiHcient  to  expel 
the  greater  part  of  their  water  of  crystallization.  A  white  powder 
remains,  whose  dualistic  formula  is  Na^O.H^O.SCO,,  whence  its 
moat  familiar  -aasae—bkarbonaU  of  snda.  This  substance  is  one 
of  the  ingredients  in  mcst  of  the  aitiflcial  yeasts  used  for  raising 
bread,  cake,  and  puddings,  and  is  known  to  grocers  and  cooks 
as  "  soda,"  alHiough  the  constituent  wMch  is  really  utilized  is  its 
carbonic  acid.  This  carbonate  of  sodium  and  hydrogen  is  much 
less  BOlublo  than  the  carbonate  of  sodium ;  it  may  be  washed  with 
cold  water  until  it  is  freed  from  the  sulphates  and  chlorides  which 
generally  contaminate  the  carbonate.  Tbe  chemist  resorts  to  this 
process  in  order  to  prepare  from  the  purified  bicarbonate  pure 
sodium-salts.  At  a  low  red  heat  the  double  carbonate  loses  ita 
water  and  half  its  carbonic  acid,  and  is  converted  into  the  normal 
carbonate  (Na^COj).  If  the  aqneous  solution  of  the  double  car- 
bonate be  heated,  it  loses  one  quiivtcr  of  ita  carbonic  acid. 

Weigh  out  two  separate  and  equal  portions  of  bicarbonate  of  sodium. 
Heat  one  of  these  portions  for  a  few  minutes  in  an  iron  spoon  or  porce- 
lain capside,  to  a  low  red  heat.  Then  wrap  each  portion  in  a  piece 
of  paper  and  introduce  each  little  roll  intfl  a  cylindrical  jar  filled  with 
mercury  and  standing  inverted  on  the  mercury  trough.  By  means  of 
a  carved  pipette  (see  Appendix,  S  22)  pass  equal  quantities  of  dUute 
sulphuric  acid  into  each  of  the  jars.  The  moment  the  sulphuric  acid 
comes  in  contact  with  the  carhonaten  of  sodium,  carbonic  acid  is 
evolved,  and  upon  comparing  the  volumes  of  gas  yielded  by  the  two 
samples,  both  of  which  contain  the  same  quantity  of  sodium,  it  will  be 
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found  Uiat  the  carbonic  acid  evolred  from  tbo  unhealed  bitarhonate  is 
twice  as  great  as  tha.t  jielded  by  the  portion  which  was  ignited. 

Bicarbonate  of  sodium  may  be  deprired  of  ita  carbonic  acid  by 
almost  any  acid  or  acid  salt.  In  the  experiment  just  described 
sulphuric  acid  displaced  the  gaseous  carbonic  acid ;  tartaric  acid, 
or  an  acid  tartrate  lite  cream  of  tartar  (tartrate  of  potassium), 
will  effect  the  same  displacement,  as  will  also  the  acid  sulphate  of 
sodium  (NaHSO,),the  acid  phosphate  of  calcium  (CaO,2Hj,0,PjO,), 
or  common  alum.  "  Soda  powders  "  should  be  made  of  bicarbo- 
nate of  sodium  and  tartaric  acid.  "  Eochelle  powders"  consist  of 
bicarbonate  of  sodium  in  one  paper  and  cream  of  tartar  in  another ; 
when  these  two  materials  are  mixed  in  water,  carbonic  acid  is 
set  free,  and  a  double  tartrate  of  sodium  and  potassium,  called 
Rocbelle  salt  and  used  as  a  purgative,  remains  in  the  liquid. 
AVhen  bread  or  cake  is  "raised"  with  "soda"  and  cream  of 
tartar,  the  escaping  carbonic  acid  is  the  agent  in  puffing  up  the 
dough,  and  the  same  Rocbelle  salt  remains  in  the  bread.  Tar- 
taric acid  and  cream  of  tartar  having  been  dear  in  late  years,  a 
cheaper  chemical  yeast  powder  has  been  made  from  acid  phos- 
phate of  calcium ;  when  this  substance  reacts  within  the  dough 
with  bicarbonate  of  sodium,  there  remains  in  the  bread  a  mixture 
of  the  phosphates  of  sodium  and  calcium.  Alum  is  sometimes 
used  for  the  same  purpose.  It  is  necessary  to  employ  for  such 
purposes,  in  connexion  with  the  bicarbonate,  acids  or  acid  salts 
which  are  solid,  and  not  so  corrosive  as  to  be  obviously  dangerous 
and  harmful. 

There  exists  a  native  sesqui carbonate  of  sodium  called  trona  or 
natron  ;  it  is  a  sahne  efflorescence,  always  contaminated  with  tho 
sulphate  and  chloride  of  sodium,  and  less  soluble  in  wat«r  than 
the  carbonate,  hut  more  soluble  than  the  bicarbonate  of  sodium. 
All  the  cai-bonates  of  sodium  have  an  alkaline  reaction  on  vege- 
table colors;  carbonic  acid  is  too  weak  an  acid  to  overcome  the 
intensely  alkaline  reaction  of  caustic  soda. 

486.  Sulphides  of  Sodium. — In  the  conversion  of  sulphate  of 
sodium  into  carbonate  of  sodium  (§  484)  one  step  is  the  reduction 
of  the  sulphate  to  the  sulphide  of  sodium  by  coal.  The  oxygen 
of  the  sulphuric  acid  used  in  making  the  sulphate  is  thus  com- 
bined with  carbon  and  lost;  the  sulphur  of  the  acid  goes  to  the 
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waste-heap  in  a  useless  combinatioa  with  calcmm.  Herein  lies 
the  wastefulness  of  the  Lehlanc  process,  which  the  esperieuco  of 
fifty  years  has  failed  to  remedy. 

Exp.  231.— Mis  a  little  powdered  anhydrous  sulphate  of  aodium, 
obtained  by  drying  Glauber'a  salt,  with  as  much  powdered  chavcoal, 
and  malte  the  mixture  into  a  paste  with  a  drop  of  water.  Place  a  little 
hall  of  this  paj^te,  as  large  as  a  small  pea,  in  a  depression  in  a  piece  of 
charcoal,  and  heat  it  strongly  with  a  blowpipe.  The  mixture  effer- 
vesces and  finally  melta  into  a  brownish  mass.  The  glowing  coal  f  aliea 
all  the  oxygen  out  of  the  sulphate,  and  the  carbonic  OTLide,  which 
results  from  the  union  of  the  carbon  and  oxygen,  in  escaping  causes 
the  effervescence  which  occurs;  the  sodium  and  sulphur  alone  remain 
united.     The  reaction  may  be  thus  formulated  :— 

Na^SO,  -I-  4C  =  4C0  -I-  Na^S. 
If  the  brownish  solid  he  removed  from  the  coal,  p';(ced  in  a  wateh-glass, 
and  moistened  with  dilute  chlovhydric  or  sulphuric  acid,  sulphydric 
acid  gas  will  be  evolved,  as  may  be  recognized  by  the  smell,  or  by  the 
use  of  lead-paper : — 

Na^S  -1-  2H01  =  2NaCI  +  H^S. 

Sulphur  unites  with  sodium  in  more  than  one  proportion  ;  sind 
it  may  indeed  be  doubted  whether  the  actual  reaction  in  the 
above  experiment  is  so  simple  as  the  formula  represents  it  to  be. 
There  probably  exist  five  distinct  sulphides  of  sodium — Na^S, 
Na  S  ,  Ma^Sj,  Na^S,,  and  Na.^S,,  All  these  sulphides  have  an 
alkaline  reaction  to  test-paper,  and  evolve  a  more  or  less  distinct 
odor  of  sulphuretted  hydrogen.  When  they  are  brought  into 
contact  with  an  acid  they  are  decomposed,  sulphydric  acid  escapes, 
and  a  white  precipitate  of  finely  divided  sulphur  falls,  in  everj 
case  except  tliat  of  the  first  sulphide,  Na^S.  Besides  these  sul- 
phides, a  compound  of  sodium,  hydrogen,  and  sulphur  (NallS) 
is  known,  which  is  perfectly  analogous  in  composition  to  the  com- 
bination of  sodium,  hydrogen,  and  oxygen  with  which  we  ai-o 
already  familiar  under  the  name  of  caustic  soda  (NaHO), 

487.  Sodium  (Na).— The  element  sodium  is  never  found  un- 
^ombined  in  nature,  for  the  reason  that  in  its  elementary  condi- 
tion it  cannot  exist  in  contact  with  either  air  or  water.  It  is, 
however,  artificially  prepared  from  the  carbonate  of  sodium  with- 
out serious  difficulty,  and  it  might  be  produced  in  considerable 
qnantities,  if  there  were  any  large  use  for  the  element. 
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A  mixture  of  20  pai^  of  carbonate  of  sodium,  9  parts  of  coal,  and 
Spartsof  ehalk,  pkeod  in  an  iron  bottle  or  cylinder,  is  heated  to  a 
very  high  tfimpwature  in  a  suitable  fiimace ;  a  narrow  iron  tube  con- 
neuta  the  bottle,  or  cylinder,  in  the  furnace,  with  a  flat  sheet-iron  box 
outaido  the  furnace ;  ths  box  receive^  the  sodium  which  distils  from 
the  hot  mixture,  and  a  hole  in  the  front  lower  comer  of  the  receptacle 
permits  the  melted  metal  to  fell  into  a  vessel  containing  peti'oleuia- 
naphtha,  beneath  which  the  sodium  can  be  preserved.  The  reaction  is 
theorelieally  aconversion  of  all  tie  oxygen  in  the  carbonate  of  sodium 
into  carbonic  oxide,  partly  by  a  new  combination  with  the  carbon  in 
the  carbonate,  and  partly  by  union  with  the  carbon  which  the  coal 

Na^CO^  +  20  =  300  +  SNa; 
but  the  amountof  sodium  pra^itically  obtained  from  a  given  weight  of 
the  materials  is  by  no  meansas  large  as  this  simple  formula  would  indi- 
cate. The  chalk  has  no  chemical  effect,  but  is  practically  essential  to 
':he  success  of  the  operation.  It  prevents  the  mass  from  melting,  and 
the  gas  which  it  give.i  ofi  when  heated  assists  in  sweeping  the  sodium 
out  of  the  bottle  into  the  receiver.  To  purify  the  crude  sodium  thus 
obtained,  it  is  melted  under  naphtha  and  cast  into  ingots  in  iron 
moulds.     It  mnat  be  kept  nnder  naphtha  in  tightly  closed  bottles. 

Th  J  J  t'  f  th  lemeut,  sodium,  are  very  curious.  The 
Bub  t  n  wh  n  f  hly  ut,  or  when  melted  under  naphtha  or  in 
an  atm  ph  rt  t  II  deprived  .of  oxygen,  has  the  brilliant, 
wh  t  m  t  11  lust  f  liver.  Though  possessing  so  eminently 
thi  h  t  nsti  p  p  ty  of  the  class  of  bodies  called  metals, 
and  b  g  1  ie  th  m  a  ood  conductor  of  beat  and  electricity, 
sodium  IS  far  from  resembling  the  ordinary  metaJs  in  otker  re- 
spects. Thus  it  is  lighter  than  water,  having  a  specific  gravity  of 
only  0'972,  whereas  the  common  metals  are  dense  and  heavj-; 
again,  it  is  as  soft  as  wax  at  common  temperatures,  and  melts  at 
a  temperature  below  that  of  boiling  water,  while  it  has  none  of 
the  comparative  permanence  which  characterizes  lead,  tin,  copper, 
silver,  gold,  and  other  familiar  metals.  If  exposed  to  the  air, 
even  for  a  few  seconds  only,  it  tarnishes,  and  soon  becomes  covered 
with  a  coating  of  oxide.  Instead  of  being  quenched  by  water,  it 
takes  fire  when  thrown  into  warm  water.  We  have  already  seen 
that  it  decomposes  cold  water  (Esp,  14),  setting  free  its  hydrogen, 
and  combining  with  its  oxygen, 

£iy.  232.— Cover  the  bottom  of  a  large  bottle  (at  least  ft  litw 
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bottle)  with  hot  wafer,  drop  in  a,  piaee  of  Hodium  as  lai^  m  a  small 
pea,  and  imniBdiately  cover  the  mouth  ot  the  bottle  with  a  card  or 
glass  plate.  The  heat  of  the  chemical  combination  betwefin  the  so- 
dium and  the  oxygen  of  the  water  is  sufficient  to  inflame  the  hydro- 
gen; the  escaping  hydrogen  carries  with  it  a  small  portion  of  the 
Tolatilized  sodium,  and  therefore  hums  witli  un  intensely  yellow  flame 
which  13  Tery  characteristic  of  sodium-compounds.  The  matal  swima 
rapidly  about  on  the  surface  of  the  water,  and  is  completely  converted 
into  eausiiu  soda ;  at  a  httle  internal,  after  the  flame  has  ceased  to 
bum,  a  globule  of  caustic  soda,  which  has  escaped  solution,  bursts,  and 
scatters  in  all  directions;  the  mouth  of  the  bottle  should  always  be 
covered  to  avoid  the  possible  projection  of  particles  of  hot  aoda  out  of 
the  bottle.  The  wat^r  in  the  bottle,  tested  with  litmus  paper,  will  be 
found  to  possess  a  strong  alkaline  reaction.  If  the  bit  of  sodium  be 
previously  wrapped  up  in  muslin,  it  will  take  fire  in  cold  water  or  even 
on  ice.  The  muslin  prevents  the  sodium  froni  moving  about,  and  the 
heat  of  comhination  is  therefore  coucentrated  upon  one  spot.  The 
same  effect  may  be  produced  without  the  muslin  oa  cold  water  made 
visdd  with  gum. 

it  a  high  temperature  sodium  will  remove  oxygen  from  almost 
all  bodies  which  contain  it,  whether  solid,  liqnic!,  or  gaseous. 
Hence  the  necessity  of  preserving  the  metal  under  some  liquid 
which,  lite  naphtha,  contains  no  oxygen.  Sodium  enters  directly 
into  combination  with  all  the  elements  of  the  chlorine  and  eulphor 
groups,  and  is  capable  of  withdrawing  these  elements  from  nearly 
all  the  compounds  into  which  they  enter.  In  this  substance, 
therefore,  the  chemist  possesses  a  veiy  potent  agent  for  effecting 
chemical  transformations.     Its  atomic  weight  is  23. 

488.  Hydrate  of  Sodium  (NaHO).— When  sodium  is  burnt  upon 
water,  a  solution  of  hydrate  of  sodium,  possessing  an  intensely 
alkaline  reaction,, remains  behind  ;  but  in  practice  the  hydrate  is 
generally  made  from  the  carbonate. 

JGrp,  233.^Di3solve  ,100  grms,  of  crystallized  carbonate  of  sodium 
(5  484)  in  400  c.  c.  of  water.  Slake  20  grms.  of  quicklime  with  water 
enough  to. make  the  slaked  lime  into  a  cream.  Boil  the  solution  of 
earbocste  of  sodium  ip  Bp.\  jron  pan,  and  add  to  it,  little  by  little,  the 
cream  of '  lime,  imtU  a  sniall.jiprtion  of  the  liquor,  filtered  off,  produces 
no  effervescence  when  poured  into  dilute  chlorhydri.c  or  sulphuric  acid. 
The.calciiun  of  the  lime  replay  the  sodium  in  the  carbonate  of  eo- 
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diuni ;  a  white  insoluble  precipitate  of  carbonate  of  calcium  is  formed, 
and  hydrate  of  Rodium  icmaiua  in  the  solution : — 

NsjCOj  +  CaH^Oj  =  2NftH0  +  CaCO,. 

When  this  reaction  is  complete,  no  carbonic  acid  remains  in  the  clear 
solution,  which,  therefore,  causes  no  eftervescence  when  mixed  with  an 
acid.  When  this  teatstiowa  the  reaction  to  be  accomplished,  extinguish 
the  lamp ;  cover  the  pan,  and  let  the  carbonate  of  calcium  settle  to  the 
bottom  of  the  vessel.  After  several  hours,  draw  off  the  clear  super- 
natant liquid  into  a  bottle  by  means  of  a  siphon.  A  weaker  lye  may 
he  obtained  by  boiling  up  the  residue  in  the  iron  pan  once  more  with 
water,  and  again  decanting  the  clear  liquid  from  the  depoated  pre- 
cipitate. 

The  lye  thus  prepared  contains  a  veij  little  lime,  inasmuch  as  the 
hydrate  of  calcium  is  not  completely  insoluble  in  a  dilute  Bolntion  of 
hydrate  of  sodium.  If  the  Ije  is  needed  stronger,  it  is  only  necessary 
to  concentrate  it  by  evaporation  in  a  clean  iron  pan  to  the  requisite 
stren|i;th.  Since  eoda-lye  attacks  ground  glass  with  facility,  the  stop- 
pers of  bottles  in  which  the  iye  is  iept  are  apt  to  get  stuck  so  fast  that 
they  cannot  be  removed.  Such  a  bottle  may  be  best  closed  with  a 
caoiitehouc-stopper,  or  a  cork  soaked  in  melted  wax  or  paraffine. 

In  orderto  obtain  the  solid  hydrate  of  sodium,  its  solution  must  be 
evaporated  in  a  silver  dish  (since  iron  would  color  the  concentrated, 
lye)  until  the  liquid  in  the  dish  flows  smoothly  like  oil  atatemp«rflture 
near  to  a  red  heat.  This  thick,  oily  liquid  soliilifies  when  turned  out 
upon  a  cold  plate  of  metal  or  poured  into  metal  moulds. 

Fused  caustic  soda  is  a  white,  somewhat  translucent  mass,  whose 
composition,  corresponds  to  the  formula  NaHO.  Heat  will  sepa- 
rate from  it  no  more  water ;  'if  the  attempt  be  made,  it  volatilizes 
ia  cauatio  vapors  without  change  of  constitution.  The  commercial 
cawstiii  soda  always  contains  much  more  water  than  the  formula 
indicates.  The  solid  hydrate  is  very  soluble  in  water,  and  greedily 
absorbs  both  water  and  carbonic  acid  from  the  air,  until  the  for- 
mation of  a  coating  of  the  non -deliquescent  carbonate  of  sodium 
arrests  the  process  by  protecting  the  enclosed  hydrate.  It  is  the 
prototype  of  the  class  of  bodies  called  baset.  It  colors  litmus  blue 
and  turmeric  brown,  and  when  mixed  in  due  proportion  with 
oxidea  of  the  opposite  quality,  called  acid,  a  saline  compound  ia 
formed  which  ia  neither  acid  nor  alkaline,  and  which  may  bear  no 
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more  resemblance  to  its  proximate  constituents  than  bread  bears 
to  flour  and  ivater,  or  nist  to  iron  and  oxygen. 

From,  such  reactions  between  aoids  and  hydrate  of  sodiizm,  water 
is  always  disengaged  simultaneously  with  the  saline  product,  and 
the  reaction  may  almost  always  be  as  well  considered  an  inter- 
change of  place  between  hydrogen  and  some  other  element  as  an 
act  of  combination  between  one  oxide  and  another  oxide,  both  of 
which,  or. one  of  which,  contain  also  hydrogen.  The  following 
formulte  will  illustrate  the  meaning  of  this  statement : — 
NaHO  +  NHO,  =  NaNO,  +  H,0,  or 

2  NaHO   +  H^SO,  =  Ifa.SO,  +  2H,0,  or 

KaHO   +  C,H^O,  =  C^H^JTaO^  +  H,0. 
Acetic  Acid.  Acetate  of  Sodium. 

While  recognizing  the  frequent  occurrence  of  such  reactions  aa 
are  above  represented  between  hydrated  oxides,  it  must  not  be 
forgotten  that  many  anhydrous  saline  compounds  can  be  made  by 
the  direct  combination,  under  appropriate  conditions,  of  two  oxides 
which  contain  no  hydrogen.  By  heating  one  molecule  of  hydrate 
of  sodium,  or  40  parts  by  weight,  with  one  molecule,  or  23  parts 
by  weight,  of  sodium,  an  oxide  of  sodium  is  obtained  which  con- 
tains no  hydrogen ;  but  this  body  has  none  of  the  properties  de- 
scribed by  the  adjective  alkaline,  any  more  than  the  anhydrous 
teroxide  of  sulphur  possesses  the  properties  suggested  to  the  mind 
by  the  term  "acid": — 

NaRO  +  Na  =  Na^  +  H. 
Now  the  very  same  sulphate  of  sodium  which  results  from  the 
second  of  the  above  reactions,  may  be  prepared  by  bringing  to- 
gether this  anhydrous  oxide  of  sodium  and  anhydrous  sulphuric 
acid: — 

TSafi  +  SO,  =  Na^SO,. 

There  exists  another  anhydrous  oxide  of  sodium,  corresponding 
in  composition  to  the  formula  NajOj,  and  the  same  sulphate  of 
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sodium  caa  be  made  hy  heating  thia  oxide  with  sulphurous  aciil 

Na^O,  +   SO,  =  Na^SO,. 

These  facts  show  that  a  knowledge  of  the  eoustituenta  from 
which  a  salt  may  bo  made  is  not  sufficient  to  estabUsh  any  pre- 
euraption  concerning  tlio  molecular  constitution  of  the  salt  itself. 

The  preparation  of  solid  caustic  soda,  for  household  and  other 
uses,  has  1  itely  become  a  considerable  industry.  Soap  is  made  by 
boUing  together  giei'.e  or  oil  with  caustic  soda  or  potash;  soda- 
lye  yields  a  haid  soap  potash-lye  a  soft  soap.  If  the  maker  of 
soap  starts  trom  the  cjrbonate  of  sodium  or  potassium,  he  must 
first  make  a  solution  of  caustic  lye  by  the  method  of  Exp.  233, 
and  then  boil  the  lye,  so  obtained,  with  the  grease  which  is  the 
other  essential  ingredient  of  soap.  The  soap-maker  is  saved  the 
trouble  of  converting  the  carbonate  into  the  hydrate  of  sodium  or 
potassium  by  the  maker  of  the  solid  eanstic  alkalies,  which  need 
only  to  be  dissolved  in  water  to  yield  the  requisite  lye.  The  solid 
alkali  is  commonly  put  up  for  transportation  in  sheet-iron  canis- 
ters, of  all  sizes.  The  manufacturer  of  caustic  soda  directly  from 
the  sulphate  of  soda  has  an  advantage,  in  that  he  can  avail  him- 
seK  of  the  caustic  soda  which  the  "  black  ash  "  always  contains. 
He  ia  not  obliged,  first  to  convert  this  caustic  alkali  into  carbonate, 
and  then  to  remove  all  the  carbonic  acid  by  lime ;  he  can  there- 
fore dispense  with  the  heating  with  sawdust  which  ia  necessary 
in  the  manufticture  of  soda-ash. 

489.  PkogpAatea  of  Sodium. — There  arc  three  sets  of  phosphates 
of  sodium : — 1.  Common  phosphates,  which  contain  three  atoms  of 
hydrogen  or  an  equivalent  metal ;  2.  Pyrophosphates,  which  oc- 
cupy an  intermediate  place  between  common  phosphates  and  me- 
taphosphates  J  3,  Metaphosphates,  which  contain  only  one  equiva- 
lent of  hydrogen  or  an  equivalent  metal.  (See  §  293.) 

3H,0,P^0,  =  SHjPO.;  3Na,0,P,0,  =  2Na,P0^ 
2H,0,PjO,  =  H,P„0,  ;  2H"ajO,P,0,  =  Na,P^O, 
H,0,P,0,  =  2HP0,  :     Na^O.P^,      =  SNaPO,. 

The  roost  familiar  of  the  ordinary  phosphates  is  the  rhombic 
phosphate  of  sodium,  of  the  formula  Ka^HPO,,12HjO,  which  is 
the  salt  commonly  called  phosphate  of  sodium. 
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Sxp.  234. — Digest  8  grms.  of  powdered,  white,  burnt  bones  witb 
32  c  c,  of  water  and  6  gnus,  of  sulphuric  acid,  unlil  a  imifomi  paste  is 
produced ;  strain  the  mass  tlirough  a  piece  of  muslin,  stir  up  the  resi- 
due with  water,  and  squeeze  the  liquor  through  the  cloth  filter.  Eva- 
porate the  filtered  solution  considerably,  again  filter  off  the  separated 
sulphate  of  calcium,  dilute  the  filtrate  with  water  until  it  measures  48 
c.  c,  and  gradually  neutralize  the  acidsnlution  with  solid  carbonate  of 
Bofliuin.  A  slight  excess  of  carbonate  may  be  added,  and  the  solution 
e>  aporated  until  it  crystallizes ;  the  crystala  may  be  aJmoat  freed  from 
ftdherinrr  sulphate  of  sodium  by  washing  them.  By  recrystallijing  the 
gait  it  may  be  obtained  in  large,  transparent  rhombic  prisms,  which 
are  decidedly  efflorescent.  They  hftve  a  cooling,  saline  taste,  are  solublo 
m  four  parts  of  cold  water,  and  readily  melt  in  their  water  of  crystal- 
lization ;  their  solution  has  a  faint  alkaline  reaction. 

Exp.  235. — Add  to  a  solution  of  the  purified  crystals  of  the  last  ex- 
periment a  few  drops  of  a  solution  of  nitrate  of  silyer ;  a  yellow  pre- 
cipitate appears,  and  the  liquid  becomes  distinctly  acid  in  its  reaction 
witli  litmus.  The  precipitate  is  phosphate  of  silver,  and  the  aridity  is 
due  to  the  simultaneous  liberation  of  nitric  acid  in  the  solution  ;— 
KajHPO.  +  SAgNOj  =  2NaN0,  +  HNO,    +  Ag^PO*. 

From  the  rhombic  phosphate  two  other  tertasic  phosphates  may  be 
prepared ; — by  adding  caustic  soda,  a  terbasic,  or  tennetallic,  phosphate, 
Na3P04,12H30 ;  by  adding  phosphoiic  acid,  a  so-called  "  acid  "  phos- 
phate, NaH3P0,,H20. 

JSrp.  33G.— Heat  4  or  5  grms.  of  rhombic  phosphate  of  sodium  in  a 
porcelain  crucible  to  bright  redness.  The  water  of  crystallization  first 
escapes,  then  another  portion  of  water  is  driren  off  at  a  hig-her  heat, 
the  residue  melts,  and  on  cooling  solidifies  again  to  an  opaque,  white, 
aubstance — the  pyrophosphate  of  sodium,  NajP^O, ; — 

2(Na2HPO„12H30)  =  24H2O  -|-  H,0  +  VffuP^O,. 

Krp.  287. — Bissolve  the  new  salt  of  the  last  experiment  in  water 
Mid  add  a  few  drops  of  a  solufiou  of  nitrate  of  silver ;  a  chalky-white 
precipitate  of  pyrophosphate  of  silver  will  be  produced,  while  the 
supernatant  liquid  id  neutral ; — 

Ni^PjO,  +  4AgN0,  =  4NaN0,  +  Ag^PjO^ 

The  student  will  observe,  in  passing,  that  the  pyrophosphate  of 
godinra  dissolves  in  wat«r  with  more  difficulty  thaa  the  ordinary 
phosphate.  Prom  its  aqueous  solution  tJie  pyrophosphate  crys- 
tallizes in  prisms  which  contain  ten  molecules  of  water  of  eryatal- 
lization,  Na^P^,,  lOH^O.     These  crystals  are  not  efflorescent,  but 
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pennanent  in  the  air.  Two  of  the  atoms  of  sodium  in  neutnJ 
pyrophosphate  of  sodium  can  he  replaced  hy  hydiog?n,  and  we 
thus  ohtain  a  salt  of  the  formula  Na^H^P^O,  which,  like  the  neutral 
pyrophosphate,  throws  down  the  white  pyrophosphate  of  silver 
from  a  solution  of  nitrate  of  sQver,  but,  unlike  the  neutral  salt, 
leaves  behind  a,  liquor  acidified  with  free  nitric  acid. 

IIxp.  238.— Mil  a  hot  solution  of  18  grms.  of  common  phosptate  of 
sodium  with  a  concentrated  solution  of  3  grms.  of  chloride  of  ammo- 
nium ;  common  salt  remains  in  solution,  and  transparent  crystals  of  a 
complex  phosphate  of  sodium,  ammonium,  and  hydrogen  separate  from 
the  liquid  as  it  cools : — 

NejHP04  +  NHjOl  =  NaCl  +  NaNn,Hr04. 
This  complex  triphosphate  is  known  as  microcosmic  mlt;   it  contains 
only  one  atom  of  sodium. 

Ecp.  239.— Heat  the  mlcrocosmic  salt  obtained  in  the  last  experi- 
ment to  redness.  Ammonia  and  water  are  driven  off  with  a  great 
bubbling,  and  a  glassy  substance  is  left  which  con-esponds  to  the  for- 
mula NaPOj,  and  is  called  the  metaphosphate  of  sodium.  This  salt 
cannot  be  obtained  by  this  process  in  crystals ;  it  is  deliquescent  and 
very  soluble. 

Ea^.  240.— Dissolve  in  water  some  ofthe  metaphosphate  just  made, 
and  add  a  few  drops  of  the  solution  to  a  solution  of  nitrate  of  silver. 
The  precipitate  produced  is  white,  but  gelatinous  i  its  appearance 
is  quite  different  from  that  of  the  pyrophosphate  of  silver.  The  meta- 
phosphate of  silver  is  soluble  in  an  excess  of  metaphosphate  of  sodium, 
so  that  a  sufficient  quantity  of  the  sodium-salt  will  redissolve  the 
silver-salt  precipitate  which  the  first  addition  of  the  sodium-salt  pro- 
duced. It  may  be  observed,  that  the  solution  of  metaphosphate  of 
sodium  possesses  a  feebly  acid  reaction. 

The  metaphosphate  of  sodium  exists  in  several  distinct  modifi- 
cations ;  or,  in  other  words,  there  are  several  sodinm-salts  which 
correspond  to  the  formula  NaPOj.  The  most  noteworthy  modi- 
fications are  the  glassy  salt  just  prepared,  a  crystalliziible  modifi- 
cation, and  a  variety  which  is  almost  insoluble  in  water  though 
soluble  in  acids.  Pyrophosphates  and  metaphosphafes  are  alike 
converted  into  common  ter-raetalliu  phosphates  hy  long  boiling 
with  water  in  an  acid  liquid,  or  by  fusion  with  an  excess  of  caus- 
tic alkali.  The  metaphosphate  may  also  be  converted  into  the 
pyrophosphate  by  mere  heat  in  presence  of  water.     The  meta- 
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;,  when  dried  at  100°,  retains  a  certain  portion  of  water; 
but  tluB  water  does  not  enter  into  the  constitution  of  the  salt, 
for,  ou  again  dissolving  the  salt,  the  solution  gives  the  usual  re- 
actions of  the  metaphosphate.  If,  however,  the  water- contain- 
ing salt  bfl  heated  to  150°,  the  water  enters  into  the  constitution 
of  the  salt,  which  hecomea  the  "  acid  "  pyropho^phate  of  sodium, 
yieldiug,  on  solution,  the  reaction  of  the  pyrophosphates  : — 
2NaP0,  +  ir^O  =  Na^H^P^O,. 

We  have  here  a  striking  illustration  of  the  fact  that  two  sub- 
stances, which  contain  precisely  the  same  elomenta  in  the  same 
proportions,  may  have  quite  different  propei-ties  in  consequence  of 
the  different  arrangement  of  their  elements,  or,  in  other  words, 
of  their  different  molecular  constitution. 

4i)0.  Soratc  (Na,B^O„10H,O=Na,O,2B^O3-l-10H,O).^Tho 
dualistic  formula  of  this  useful  salt  accounts  for  its  ehemioal 
name— iiborate  of  sodium.  The  greater  part  of  the  borax  used 
in  the  arts  is  prepared  by  dissolving  the  native  boracio  acid  of 
Tuscany  {§  443)  in  a  hot  solution  of  carbonate  of  sodium.  After 
all  the  carbonic  acid  has  escaped,  the  hot  liquid  is  allowed  to 
settle  and  cool.  Either  of  two  different  orystaUino  forms  of 
borax  may  be  obtained,  at  will,  by  suitably  regulating  the  density 
of  the  solution  and  the  temperature  at  whith  crystaDization  t  kea 
place.  One  of  thei^e  form**  prismatic  or  common  borax  contains 
10  molecules  of  water  of  crystallization  the  other  called  octa 
bed  rail  borax,  only  5  Both  varieties  must  be  purified  by  reci^i- 
tallization.  The  Ijrge  crystals  n  which  boras  is  demanded  for 
the  market,  can  onl)  he  obta  nod  by  Dperating  on  very  large 
masses  of  the  salt  —a  rcmiik  wh  ch  apj  li  a  to  most  of  the  ciys 
talline  salts  which  are  uieA  in  the  arts  The  ciyst  Js  if  oiita 
hedral  borax  are  harder  and  less  fragile  than  those  of  oidmary 
borax.  They  are  unalteiable  m  dry  ni  but  in  a  moi  t  atm 
sphere  they  a!  sorb  ^*at«r  ai  d  ari"  conierted  luto  common  bunt 
"When  heated  they  fuse  to  an  inhi  lious  glass  with  less  ii  tu 
mescence  than  c  mmon  1  rax  and  with  ut  crick  ng  Fui  these 
reasons,  octahedral  borax  is  better  than  pti  m  tic  bota-^  for 
many  purposes  and  its  "smaller  proj  ortion  of  w  ater  (30  i  er  rent 
against  47  per  cent)  diminishes  the  cost  of  tian^port      Never 
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theless  the  prismitie  hon\  is  generally  preferred,  probably  he- 
can  t  s  Id  at  a  le  8  price  we  ght  for  weight.  The  prismatio 
cry  tdls  a  e  soluble  n  about  half  their  we  ght  of  boiling  water, 
but  t  el  e  t  mes  the  r  w  gl  t  of  col  1  water ;  as  they  are 
ii^htly  effl  rescent  they  re  g  n  rallj  overed  with  a  white 
du  t  Borax  has  a  feebly  alluil  ne  taste  and  reaction.  "Wlen 
h  ated  t  b  bblee  j  lo  es  ts  water  and  melts  below  redness 
to  a  t  an  pa  ent  gla  s  th  b  glass  d  &  ol  es  many  oxides  of  the 
metals  a  q  inn  the  ebj  Ta  ous  lo  a  haraLtenatic  of  these 
Oi  dea  Hue  bo  ax  a  mu  Ii  used  a  blowpipe  test  for  deter- 
m  nmg  the  pre  ence  of  certa  n  oi  d  s  of  the  metals.  ^ 

-E  p  241  —Make  ft  1  1  lo  p  ab  ut  as  la  g  ea  this  O,  on  the  end 
of  a  bit  of  Jine  platinum  wire  (j  or  8  cm.  lon(j.  Make  the  loop  wliite- 
liot  in  the  blowpipe-flume,  and  thrust  it  while  hot  into  some  powdered 
boras;  a  quantity  of  borax  will  adhere  to  tho  hot  wire;  reheat  tie 
loop  in  the  oxidizing  flame ;  the  borax  will  puff  up  at  first,  and  then 
fuse  to  a.  transparent  ^laas.  If  enough  borax  to  form  a  aolid  trana- 
parent  bead  within  the  loop  does  not  adhere  to  the  hot  wire  the  first 
time,  the  hot  loop  may  be  dipped  a  second  lime  into  the  powdered 
borax.  When  a  transparent  glass  has  been  formed  within  the  loop  of 
the  platinum  wire,  touch  the  head  of  glass,  while  it  is  hot  and  soft,  to 
a  speck  of  black  oxide  of  manganese  no  bigger  than  the  period  of  this 
tfpe ;  reheat  the  bead  with  the  adhering  particle  of  oxide  in  the  oxi- 
dizing flame ;  the  black  speck  will  graduBJly  dissolye,  and  on  looking 
through  the  bead  towards  the  light,  or  a  white  wall,  when  the  Hack 
oxide  has  disappeared,  the  glass  will  be  seen  to  have  assumed  a 
purplish-red  color. 

The  same  experiment  may  be  performed  with  oxide  of  iron,  which 
imparts  to  the  glass  a  yellow  color,  or  with  oxide  of  copper,  which 
imparls  a  blui.sh-green  color.  The  oxidizing  flame  must  be  used  in 
both  these  cases,  as  with  the  oxide  of  manganese. 

The  power  which  borax  posseases  of  dissolving  metaHie  oxides 
suggests  an  explanation  of  its  use  in  brazing,  and  in  soldering 
the  precious  metals.  The  solder  will  only  adhere  to  a  bright  and 
clean  metallic  surface,  and  the  borax  which  melts  with  the  solder 
removes  from  the  pieces  of  metal  the  film  of  oxide  which  would 
otherwise  prevent  the  adhesion  of  the  solder.  Borax  is  also  used 
by  the  asaayer  and  refiner  as  a  flux.  In  making  enamels  and 
glazes,  it  is  frequently  added  for  the  purpose  of  rendering  the 
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compound  more  fusible,  and  it  is  largely  etnploj-ed  in  fixing  colors 
on  porcelain. 

Tliere  is  a  aormal,  or  neutral,  borate  of  sodium,  NaBO^  or 
NajO,BjOj,  which  crystallizes  with  various  quantities  of  water; 
and  other  borates  of  sodium  are  known ;  hut  the  "  biborato "  is 
the  only  one  of  any  practical  impoitance. 

491.  Silicates  of  Sodium  may  he  prepai-ed  by  dissoking  silicic 
add  in  caustic  soda,  as  in  Exp.  220,  or  by  fusing  together  silicic 
acid  and  carbonate  of  sodium,  or  a  mixture  of  silicic  acid,  sul- 
phate of  sodium,  and  cai-bon.  From  alkaline  solutions,  the  single 
crystallizablo  silicate  of  sodium,  Na^SiOj,  can  readily  be  obtained 
in  hjdrated  crystals-  The  silicate  of  sodium  of  commerce,  called 
waterglass  or  soluble  glass,  is,  howeyer,  a  much  more  siliceous 
silicate,  of  varying  composition.  Some  samples  of  it  have  very 
nearly  the  composition  expressed  by  the  formula  Na^O,  2SiOj, 
while  other  specimens  approximate  to  the  formula  Na,0, 4810^. 
Between  these  extremes,  the  acid  and  the  alkali  unite  in  all 
possible  proportions  to  form  compounds,  all  o£  which  are  soluble 
■with  more  or  less  difficulty  in  boiling  water. 

The  normal  silicate  of  sodium  (Na^SiOj)  is  readily  soluble  in 
cold  water,  and,  like  carbonate  of  sodium,  which  it  closely  re- 
sembles, may  ovon  be  melted  in  its  own  water  of  crystallization ; 
but  the  acid  salt  of  commerce  is  as  good  as  insoluble  in  cold 
water.  Waterglass  may,  however,  be  completely  dissolved  by 
long-continued  boihng  in  water,  and  the  solution  thus  obtained  is 
largely  employed  by  calico-printers  and  by  soapmakera.  Water- 
glass  is  also  used  for  hardening  porous  stones,  or  even  for  bind- 
ing sand  into  artificial  stone,  for  painting  rough  woodwork  to  pro- 
tect it  from  the  weather,  and  for  diminishing  the  combustibility 
of  wood,  canvas,  and  other  coarse  stuffs,  such  as  are  used  for  the 
decorations  of  theatres.  It  has  been  suggested  that  tlie  interior 
surfaces  of  wooden-roofed  railway  bridges  might  be  pi-otected 
from  the  sparks  of  the  locomotive  by  washing  them  with  a  solu- 
tion of  waterglass.  Wken  employed  as  paint,  the  coating  of 
watei^lass  may  be  washed  over  with  a  solution  of  chloride  of 
ammonium,  which  decomposes  the  silicate,  with  deposition  of  free 
Bilieic  acid;  or  the  silicate  may  simply  be  left  to  the  deromposing 
action  of  atmospheric  carbonic  acid.     The  chloride  of  sodium 
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resulting  from  the  decomposition  in  the  one  case,  and  the  carbo- 
nate of  sodium  in  the  other,  ate  subsequently  washed  away  by 
the  rain.  Combustible  matters,  when  covered  with  a  coating  of 
silica,  or  of  silicate  of  sodium,  as  above,  are  prevented  from  burn- 
ing freely,  in  the  same  manner  that  the  carbon  of  the  paper  in  Exp. 
110  was  kept  from  burning  by  the  coating  of  phosphoric  acid. 

492.  The  chief  use  of  silicate  of  sodium,  however,  is  as  a  com- 
ponent of  common  glass.  The  various  glasses  of  commerce  are 
mixtures  of  a  highly  siliceous  silicate  of  sodium,  or  of  potassium, 
or  of  both  these  substances,  with  silicates  of  other  metals,  such  as 
calcium,  aluminum,  and  lead.  In  green  bottle-glass  the  easily 
fusible  silicate  of  iron  replaces  in  part  the  sihcate  of  sodium  or 
of  potassium. 

It  is  a  peculiarity  of  the  alkaline  silicates  that,  in  changing 
from  the  liquid  to  the  solid  state,  they  pass  through  an  inter- 
mediate pasty  or  viscous  stage,  and  finally  solidify  in  transparent 
amorphous  masses,  totally  devoid  of  crystalline  structure.  "While 
in  this  pasty,  ductile  state,  these  silicates  may  readily  be  moulded 
into  almost  any  form ;  and  transparcDt  vessels  might  doubtless  be 
made  from  the  acid  alkaline  silicates  without  admisture  of  other 
materials.  The  alkaline  silicates,  however,  are,  by  themselves, 
far  too  easily  acted  uiH>n  by  air  and  moisture  to  admit  of  being 
used  as  substitutes  for  ordinary  glass.  But  it  has  been  found 
that,  by  combining  the  alkaline  sjhcates  with  the  silicates  of 
certain  other  metals,  such  as  calcium,  there  may  be  obtained 
compound  glasses  which,  while  they  retain  the  plasticity  of  the 
alkaline  silicates  as  well  as  their  amorphous  character  and  trans- 
parency, are  capable  of  resisting  the  action  not  only  of  air  and 
water,  but  even  of  acids  and  alkalies,  to  a  very  great  extent. 
Though  the  ordinary  glasses  are  so  difficultly  attacked  by  water 
that  they  may,  for  most  practical  purposes,  be  regarded  as  alto- 
gether insoluble,  it  is  nevertheless  true,  as  has  been  stated  in 
§  464,  that  glass  may  be  partially  dissolved  by  long- continued 
contact  witli  water,  particularly  if  the  water  be  hot  and  the  glass 
in  the  condition  of  powder.  After  the  smooth  surface  of  glass,  as 
it  comes  from  the  fire,  has  once  been  removed,  the  corrosion  of 
the  glass  goes  on  more  rapidly. 

It  is  remarkable  that  mixtures  composed  of  several  different 
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silicates  melt  at  temperatures  oonsidorably  lower  than  the  meau 
of  tho  m citing-points  of  their  several  ingredients. 

The  different  varieties  of  glass  vary  in  composition,  according 
to  the  purposes  for  which  they  are  prepared ;  they  cannot  be  re- 
garded as  chemical  compounds,  being  really  indefinite  mixtures  of 
various  acid  silicates.  The  composition  of  window-glass  may  be  re- 
presented approximately  by  the  fonnula  1^3^0,2810,;  CaO,  2810^; 
and  that  of  the  hard,  Bohemian  glass,  suitable  for  ignition- 
tubes,  by  the  formula  2(K.p,  SSiOJ  ;  3(CaO,  3SiO,).  The  lus- 
trous "  flint"  glass,  employed  for  the  nicer  kinds  of  household 
ware,  may,  on  the  other  hand,  be  represented  by  the  formula 
2(KjO,  2SiOj);  3(PbO,  2SiO,);  it  is  prepared  from  the  purest 
materials  attainable.  Bottle-glass  is  composed  of  the  silicates  of 
calcium  and  aluminum,  together  with  a  small  proportion  of  the 
silicates  of  iron,  of  potassium,  and  of  sodium ;  in  this  glass,  at  in 
the  other  varieties  above  formulated,  small  quantities  of  various 
other  silicates,  such  as  the  silicates  of  magnesium  and  of  mai/ga- 
ueae,  almost  always  occur. 

In  the  preparation  of  the  cheaper  kinds  of  glass  the  materials 
are  melted  in  large  open  crucibles  of  refractory  clay ;  but  the  bet- 
ter syrts  of  glass,  such  as  flint-glass,  are  made  in  pots  so  covered 
that  no  smolte  or  dust  from  the  fire  can  come  in  contact  with 
their  contents.  In  both  cases  the  thor  ughiy  m  It  d  xture  is 
kept  in  the  liquid  state  until  it  has  beeom  p  f  tlyh  m  geneaus 
and  until  all  bubbles  of  air  have  eso  p  1  f  t      t  is  then 

allowed  to  cool  to  the  teraperature  at  wh  h  t  p  sses  the 
peculiar,  pasty,  ductile,  condition  in  wh  h  t  adm  ts  of  being 
blown,  pressed,  and  moulded. 

493.  After  glass  has  been  moulded  i  t  th  h  p  d  sired,  it 
must  still  be  subjected  to  a  process  of  an  1  b  f  t  can  be 
used.  Glass  which  has  been  suddenly  ool  d  ft  f  n  is  ex- 
tj'emely  brittle ;  and  in  general  all  glass  which  has  been  quickly 
cooled  after  heating  is  far  more  fragile  than  that  which  has  been 
allowed  to  cool  gradually.  The  operation  of  annealing  is  nothing 
bat  a  process  of  slow  baking,  at  a  temperature  which,  though  not 
BO  high  as  the  melting-point  of  glass,  is  nevertheless  high  enough 
to  allow  the  partides  of  softened  glass  to  move  among  them- 
•elves,  and  to  come  into  easy  and  natural  positions  as  regards 
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one  anotUer ;  after  the  baking  follows  a  process  of  slow  cooling, 
during  which  the  heated  material  contracts  uniformly  in  all 
directions  as  it  assumes  the  dimensions  proper  to  it  when  cold, 

trnlite  the  silicates  of  the  alkali-metals,  most  metallic  silicates 
have  a  tendency  to  assume  crystalline  form  on  cooling,  and  it  is 
not  difReult  to  bring  about  crystallization  of  silicate  of  calcium, 
or  silicate  of  aluminum,  from  ordinary  glass,  particularly  from 
the  coarser  kinds,  such  as  bottle-glass.  Glass,  in  which  some  of 
the  constituents  have  thus  crystallized,  has  the  appearance  of 
porcelain;  it  is  said  to  be  devUriJied,  The  devitrification  may 
readily  be  shown  by  imbedding  bottle-glass  in  sand,  heating  the 
glass  almost  to  the  melting-point,  and  then  allowing  it  to  cool 
slowly.  In  annealing  some  kinds  of  glass  care  must  be  taken 
not  to  heat  the  ware  too  strongly,  lest  it  be  devJtrified  during  the 
process. 

494.  Melted  glass,  like  melted  borax  (Esp.  241),  is  capable  of 
dissolving  small  quantities  of  many  of  the  metaUio  oxides,  a  trans- 
parent and  often  colored  silicate  of  the  metal  being  formed,  which 
imparts  its  hue  to  the  entire  mass  of  glass.  In  this  way,  glass 
may  be  obtained  of  almost  any  desired  color.  The  green  color 
of  bottle-glass  is  due  to  silicate  of  protoxide  of  iron;  but  richer 
shades  of  green  may  be  obtained  by  using  protoxide  of  copper  or 
oxide  of  chromium.  Dioxide  of  copper  gives  a  ruby-red  color, 
and  oxide  of  gold  various  shades  of  red,  inclining  to  purple. 
The  oxides  of  uranium,  of  antimony,  and  of  silver  yield  yellow 
glasses ;  oxide  of  cobalt  affords  a  beautiful  blue,  and  the  binoxide 
of  manganese  a  violet  glass ;  while  mixtures  of  the  oxides  of  cobalt 
and  of  manganese  impart  to  the  glass  a  black  color. 

495.  Hyposulphite  of  Sodium  (Na^Sp^,  5H,0).— This  easily 
crystallized  and  tolerably  permanent  salt  is  of  great  use  to  the 
photographer,  because  its  aqueous  solution  is  capable  of  render- 
ing soluble  the  chloride,  bromide,  and  iodide  of  silver,  compounds 
much  employed  by  the  photographer,  and  very  insoluble  in  water. 
The  photographic  paper  or  glass,  uniformly  coated  with  some 
silver  compound,  is  exposed  to  light  in  the  camera  or  press,  and 
then  immersed  in  a  strong  solution  of  the  hyposulphite,  which 
forms  with  the  silver  compound,  in  those  parts  of  the  picture 
which  have  not  been  acted  upon  by  the  light,  a  double  salt  which 
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is  soluble  in  water.  This  double  aslt  and  the  superflnons  hypo- 
sulphite must  be  washed  away  by  soaking  the  picture  several 
hours  in  water  which  is  constantly  renewed.  Hyposulphite  of 
sodium  is  also  used  as  an  "  antichlore,"  or  agent  for  removing 
the  last  traces  of  ehlorine,  or  hypochlorous  acid,  from  aubstauces 
which  have  been  bleached  therewith.  The  salt  maybe  best  pre- 
pared by  digesting  sulphur  with  a  solution  of  sulphite  of  sodium. 
Exp,  243. — Diasolve  20  grma.  of  crystallized  carbonate  of  sodium  in 
30-40  c.  c.  of  water.  Place  the  solution  in  a  small  Woulfe-bottle,  and 
pass  sulphurous  acid  gas  (Exp.  98)  tbrough  it  imtll  aO  the  carbonic 
acid  is  expelled  from  the  carbonate  and  effei-vescence  ceases.  The 
liquid  then  holds  in  solution  sulphite  of  sodium  (NajSOa).  Pour  this 
solution  into  a  bottle  which  can  be  tightly  closed,  and  add  to  it  3  or  4 
grma.  of  finely  powdered  sulphur ;  let  this  mixture  stand  corked  up  for 
several  days  in  a  warm  place ;  the  sulphur  will  gradually  dissolve,  and 
form  a  colorless  solution,  which  on  evaporation  will  yield  crystals  of 
hyposulphite  of  sodium.  Time  may  he  saved  by  keeping  the  solution 
of  sidphite  of  sodium  hot,  hut  not  boiling,  during  the  digestion  of  the 
sulphur.    The  reaction  has  been  aheady  formulated  (5  243), 
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496,  The  proximate  sources  of  sodium- compounds  are  the  sea, 
and  salt  springs  and  deposits.  Potassium -compounds,  on  the 
other  hand,  are  derived  indirectly  from  the  soil.  Arable  soils  are 
produced  by  the  weathering  and  gradual  decomposition  of  the 
common  granitic  rocks.  Into  the  composition  of  these  rocks  there 
enter  two  minerals,  caUed  feldspar  and  mica,  which  are  mixed 
silicates  of  potassium  or  sodium  and  aluminum  or  iron.  The 
dement  potassium  thus  becomes  a  normal  constituent  of  the 
earthy  food  of  plants.  The  soil  itself  is  not  directly  available  as 
a  source  of  potassium- salts,  because  no  cheap  and  easy  method 
has  yet  been  devised  for  separating  the  potassium -compounds 
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from  tlie  other  ingredients  of  the  soil.  Plants,  however,  are  able 
to  piek  out  and  assimilate  the  potassium -salts  from  these  rocks 
and  soils ;  so  that  by  burning  the  plants  and  extracting  the  ashca 
with  water  a  soluble  potassium -salt  is  obtained.  Plants  thus  con- 
centrate tho  potassium,  from  out  great  masses  of  eartl),  and  muie 
it  accessible  to  us.  The  salt  which  is  obtained  from  the  ashes  of 
plants  by  washing  and  evaporation,  is  called  potash,  or,  if  refined, 
pearl/ish,  and  it  is  from  this  substance  that  the  bulk  of  potassium- 
compounds  are  obtained, 

Exp.  243. — Place  a  handful  of  wood-ashes  on  a  filter,  and  poiw  hot 
water  ovei-  them,  collecting  the  filtrate  in  a  bottle  and  returning  it  upon 
the  ashes  two  or  three  times,  in  order  to  obtain  a  stronger  solution. 
To  exhaust  the  ashes  of  their  potash,  they  must,  of  course,  be  treated 
with  successive  portions  of  hot  water.  This  solution  has  a  strong  alka- 
line reaction  upon  test-paper.  A  few  drops  of  it,  poured  into  a  teat- 
tube  containing  a  little  dilate  acid,  occasion  a  brisk  effervescence,  a 
reaction  from  which  we  readily  surmise  the  truth,  that  the  potasaium- 
Bolt  contained  in  the  solution  is  the  carbonate  of  potasMum.  Proof  that 
the  gas  evolved  is  carbonic  acid  can  readily  be  obtained  by  conducting 
the  gas  into  lime-water,  as  in  Exp.  170.  By  evaporating  the  rest  of 
the  solution  to  dryness  in  a  porcelain  dish,  we  obtain  a  email  sample  of 
crude  potash.  By  treating  this  potash  with  a  quantity  of  cold  water, 
insuflcient  to  dissolve  any  but  the  most  aolublB  portions  of  the  mass, 
letting  the  mixture  stand  some  time,  and  evaporating  the  partial  solu- 
tion to  dryness,  a  whiter,  purer  carbonate  is  obtidned,  the  pearlash. 

497:  CarbonaU  of  Potassium  (K^CO,)  is  a  hygroscopic  and 
very  soluble  salt.  When  exposed  to  damp  air  it  becomes  moist, 
and  finally  deliquesces.  In  this  respect  it  does  not  resemble 
soda-ash,  which  is  not  hygroscopic,  and  is,  for  this  reason  among 
others,  better  adapted  than  potash  for  transportation,  storing,  and 
most  commercial  uses.  Carbonate  of  potassium  fuses  at  a  red 
heat,  but  cannot  be  deoraposed  by  heat  alone.  At  a  red  heat  it 
is  decomposed  by  silica,  as  is  also  the  carbonate  of  sodium,  car- 
bonio  acid  being  expelled  with  effervescence,  whilst  the  silica 
unites  with  the  alkali.  Advantage  is  taken  of  this  property  in 
the  analysis  of  minerals  which  contain  a  large  quantity  of  silica, 
and  are  not  easily  decomposed  by  acids.  The  finely  powdered 
mineral  is  fused  with  about  three  times  its  weight  of  carbonate  of 
sodium  or  of  potassium,  or,  better,  with  thiice  its  weight  of  a 
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mixture  of  5J  pirta  of  e^rbonato  of  sodium  with  7  parts  of  car- 
bonate of  jiotassium  The  mixed  carbonates  produce  a  more 
fttsible  mittiiie  th<in  either  alone  (§  492),  The  fused  mass  is 
thea  treated  with  dilute  chlorhydrio  acid,  which  decomposes  the 
alkaline  aihcates,  and  dissolves  all  the  bases  of  the  mineral  which 
were  before  oDmbined  with  the  silica. 

Carbonate  of  potissium  was  the  most  important  source  of  alkali, 
until  Leblanc's  process  made  soda  cheaper  than  potash.  It  is  still 
largely  consumed  in  the  manufacture  of  soap,  glass,  eaustic  pot- 
ash, and  other  compounds  of  potassium ;  but  sodium-salts  have, 
to  a  great  extent,  displaced  potassium-salts  in  commerce  and 
the  arts. 

498.  Carbonate  of  Potasslmn  and  Hydrogen  (KHOOJ.— This 
salt,  commonly  called  the  "bicarbonate"  of  potassium  (K,0, 
HjO,  2C0,),  is  prepared  by  passing  a  curront  of  carbonic  acid 
through  a  strong  solution  of  carbonate  of  potassium  ;  crystals  of 
the  bicarbonate  will  be  deposited,'  which  are  permanent  in  the 
air,  and  require  about  4  parts  of  cold  water  for  solution.  When 
the  solution  of  this  salt  is  long  exposed  to  the  air,  or  boiled,  it 
loses  one-fourth  of  its  carbonic  acid ;  when  the  dry  salt  is  fused, 
it  loses  half  its  carbonic  acid,  and  is  converted  into  the  carbonate. 
It  is  a  valuable  salt  to  the  chemist  and  the  apothecary,  because  it 
can  be  readily  obtained  in  a  state  of  purity;  when  itself  made 
from  a  refined  carbonate  of  potassium,  it  may  be  advantageously 
used  as  the  material  from  which  to  prepare  other  pure  compounds 
of  this  important  element. 

499.  Hydrate  of  PofasHum  (KHO).— The  manufacture  of  hy- 
drate of  potassium,  from  carbonate  of  potassium,  resembles,  in 
every  detail,  the  preparation  of  caustic  soda  from  carbonate  of 
sodium  (Exp.  233).  The  carbonate  of  potassium  is  dissolved  in 
10  or  12  times  its  weight  of  water,  and  discomposed  by  a  cream  of 
lime  :  carbonate  of  calcium  is  precipitated,  and  hydrate  of  potas- 
sium remains  in  solution.  AH  that  has  been  said  of  the  concen- 
tration of  the  solution  of  hjdrat«  of  sodium  (§  488)  is  true,  also, 
of  hydrate  of  potassium. 

Hydrate  of  potassium  is  a  hard,  whitish  substance,  possessing 
a  peculiar  odor  and  a  very  acrid  taste.  Like  the  hydrate  of  so- 
dium, it  rapidly  absorbs  moisture  and  carbonic  acid  from  the  air; 
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and  since  the  carbonate  of  potassium  thus  formed  is  a  deliques- 
cent salt,  this  change  will  go  on  uatil  the  entire  mass  of  hydrate 
is  converted  into  a  eyrup  of  the  carbonate ;  whereas,  in  the  case 
of  hydrate  of  sodium,  the  absorption  of  water  and  earbonie  acid 
is  soon  arrested  by  the  formation  of  a  coating  of  non-deliquescent 
oai-boiiate  of  sodium  upon  the  surface  of  the  lump  of  hydrate.  In 
chemical  industries  and  speculations,  the  question  of  success  or 
failure  often  turns  on  such  points  as  this ;  the  advantage  of  a  new 
material,  for  esample,  often  depends  upon  just  such  diiferences  as 
this  between  caustic  soda  and  caustio  potash, 

500.  The  hydrate  of  potassium,  east  into  small  sticks,  is  em- 
ployed by  physicians  as  a  cautery, — a  use  which  illustrates  forcibly 
its  destructive  effect  upon  animal  and  vegetable  matters.  Like 
hydrate  of  sodium  its  s  luti  n  destrovs  ord  nary  paper  and 
cannot  be  filtered  exoeit  tbr  "h  asbest  «  or  gun  otton  A 
clear  solution  is  best  obtn  ned  by  dec  an  tat  on  f  ontho  sut&ilcd 
impurities.  All  ves  els  made  of  mite  ils  vh  ch  contain  sil  l& 
are  attacked  by  thia  oaust  c  sol  t  on  and  even  pHti  um  is  slowly 
osldized  in  its  presenile  vessels  of  goll  and  s  Iver  la  &t  it  best 
This  hydrate,  like  that  of  sodium,  forms  soaps  with  oils  or  fats; 
the  sodium-soaps  are  hard,  the  potassium-  soft.  At  a  higK  tem- 
perature hydrate  of  potassium  volatilizes  without  change ;  heat 
alone  cannot  decompose  the  caustic  alkalies.  In  the  chemical 
laboratory,  solutions  of  caustic  potash  and  caustic  soda  are  in 
frequent-use  for  absorbing  acid  gases,  such  as  carbonic  acid,  and 
especially  for  separating  the  hydrates  of  other  metals  from  solu- 
tions of  their  salts. 

Mtp.  244. — Dissolve  a  crystal  of  blue  vitriol  (sulpbat*  of  copper)  in 
a  few  centimetres  of  coM  water,  aud  add  to  the  solution  several  drops 
of  a  solution  of  caustic  soda  (or  potash).  The  hydrate  of  copper  is 
precipitated  as  a  delicate,  blue,  insoluble  powder,  while  colorless  sul- 
phate of  sodium  (or  potassium)  remains  in  solution. 

CuSOj    +    2NaH0     =    CuHjO^     +    Na^SO.. 

Stdphaie  of  Copper.  Hydrate  of  Copper. 

Ecp.  346. — Place  in  a  small  flask  4  or  5  grms.  of  ehalk  or  marWe 
(carbonate  of  calcium),  and  7  or  8  c.  c.  of  water;  then  cautiously  add 
chlorhydric  acid,  little  by  little,  until  effervescence  ceases  and  the 
chalk  is  dissolved.    When  the  eHervescence  is  not  violent,  tha  flask 
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may  be  warmed  to  facilitate  the  process  of  solution.     A  rather  con- 
centrated aolution  of  chloride  of  ealeium  will  thus  he  obtained. 
CaCO,    +    2H01    =     CaCI;     +     HjO     +     COj. 
Carbonate  of  Caleium.         Chloride  of  Calciam. 

Add  to  this  aolution  a  few  drops  of  a  solution  of  caustic  soda,  which  is 
free  from  carbonic  acid.  A  white  precipitate  of  hjdrate  of  calcium 
will  immediately  appear,  since  this  hydrate  is  insoluble  in  the  men- 
struum, while  chloride  of  sodium  will  be  found  in  the  clear  solution, 
CaClj  +  SNaHO  =  CaH^Os  +  2KeOi. 
ilydrate  of  Calcium. 
501.  On  account  of  this  power  of  precipitating  other  hydrates 
from  solutions  of  their  salts,  the  caustic  alkalies  are  often  called 
strong  bases,  as  he  is  the  strongest  wrestler  who  throws  his  ad- 
versary ;  but  this  term  "  strong"  is  applied  to  bases  and  acids  so 
confusedly  aa  to  be  frequently  a  hindrance  rather  than  a  help  in 
elassiflcatioa.  Thus,  if  the  reaction  which  occurs  in  the  prepa- 
ration of  caustic  soda  (Exp.  233),  between  carbonate  of  sodium 
and  hydrate  of  calcium,  be  compared  with  the  reaction  last  given 
between  chloride  of  calcium  and  hydrate  of  sodium,  it  will  be  seen 
that  in  the  first  calcium  displaces  sodium,  while  in  the  second 
sodium  displaces  caleium ;  in  the  one  case  hydrate  of  sodium  is 
eliminated  from  the  reaction,  and  in  the  other  hydrate  of  calcium. 
So  of  acids ;  we  have  before  had  occasion  to  remark  that,  of  two 
acids,  now  the  one  and  now  the  other  will  be  stronger,  accord- 
ing tfl  the  temperature  at  which  the  contest  between  them  takes 
place,  or  other  extrinsic  conditions.  Thus  sulphuric  acid  is  at 
certain  temperatures  capable  of  displacing  phosphoric  acid  or 
boracic  acid,  but  at  high  temperatures  both  these  acids  displace 
it  (§§  294,  448).  It  is  obvious  that  the  definition  of  the  term 
"strength"  must  be  very  vague  and  unsatisfactory  when  applied 
to  relations  thus  capable  of  actual  reversal.  Two  general  prin- 
ciples, howerer,  have  been  arrived  at  through  the  comparative 
study  of  such  reactions ;  these  are : — Ist.  When  from  all  or  part 
of  the  elements  of  any  mixture  of  Kquefled  materials  a  substance 
can  be  formed  which  is  insoluble  in  the  existing  menstmum,  that 
substance  will  separate  in  the  solid  state ;  2nd.  "When  from  all 
r  part  of  the  elements  of  a  solid  or  liquid  mixture  a  substance 
'  d  which  is  volatile  at  the  existing,  or  induced, 


sd  by  Google 


419 

temperature,  that  substance  will  be  eliminated  in  Uie  gaseous 
state.  In  either  case  such  interchange  of  atoms  as  may  be  essen- 
tial to  the  formation  of  the  eliminated  substance,  takes  place,  and 
the  remaining  elements  necessarily  adjust  themselves  to  new  re- 
lations. Such  insoluble  precipitates  often  present  peculiarities  of 
color  or  texture  by  which  they  may  be  recognized ;  and  such 
volatile  gases  may  frequently  be  identified  by  their  color,  odor, 
or  specific  gravity,  or  by  the  chemical  effects  which  they  are 
capable  of  producing.  If  every  chemical  element  were  known  to 
yield,  under  attainable  conditions,  a  charaeteriBtic  precipitate,  or 
to  evolve  a  peculiar  and  recognizable  gas,  the  analytical  chemist 
would  possess  the  means  of  detecting  every  element  with  cer- 
tainty. This  is  to  a  great  extent  the  case,  and  chemical  analysis 
is  chiefiy  based  upon  a  knowledge  of  the  degrees  of  solubility 
and  volatility  which  belong  to  a  great  variety  of  chemical  sab- 
stances  with  whose  appearance  and  prominent  properties  the 
analyst  has  previously  made  himself  acquainted;  of  these  sub- 
stances many  are  common,  but  not  a  few  rare  and  useless,  except 
to  serve  the  purpose  of  the  analyst. 

There  exists  an  anhydrous  oxide  of  potassium,  E^O,  and  also 
a  peroside.  The  anhydrous  oxide  K^O  is  a  gray,  inodorous,  hard, 
brittle  solid;  it  melts  a  little  above  a  red  heat,  but  volatilizes 
onlv  at  a  very  high  temperature 

502  Allahmetri/  — Since  the  value  of  the  carbonates  and  hy- 
drates of  sodium  and  poti^sium  as  thii  ire  manufactured  and 
consumed  on  the  large  scale  m  the  chemical  arts,  is  generally  de- 
pendent upon  the  amount  of  alkali  which  they  contain  ready  to 
enter  into  chemical  combination,  it  is  importmt  to  have  some 
quick  and  easy  method  of  determining  hois  much  J.\ailable  alkali 
any  sample  of  these  substances  re^lIv  contains  The  impurities 
which  most  fiequentli  oontaminite  the  carbonate  of  potassium 
are  the  chlorides  and  sulphates  of  potassium  and  sodium,  silicic 
aud,  lime  alumina  and  the  oxides  of  iron  the  commonest  im- 
purities of  carbonate  ot  sDdium  are  the  chloride  and  sulphate 
of  sodium,  as,  might  readily  be  inferred  from  consideration  of  the 
process  by  which  the  carbonate  is  manufactured.  Some  sulphite 
of  sodium  also  is  not  infrequently  present  in  commercial  soda-ash. 
Both  carbonates  are  apt  to  contain  small  proportions  of  the  hy- 
2k2 
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drates ;  but  as  the  hydrates  are  quite  as  valuable  for  most  uses 
as  the  carbonates,  weight  for  weight,  this  admixture  is  not  incon- 
venient. In  the  common  metliods  of  testing  the  carbonates,  tb? 
hydrates  present  are  estimated  as  available  alkali,  but  are  made 
no  separate  account  of. 

It  would  be  foreign  to  our  purpose  to  enter  upon  the  details  of 
alkalimetry ;  the  process  consists  essentially  in  ascertaining  h(iw 
much  dilute  sulphuric  acid  of  a  known  strength  is  required  to 
neutralize  exactly  a  known  weight  of  the  sample  examined.  The 
requisites  are  a  graduated  burette  (Appendix,  §  21),  a  standard 
acid,  pure  carbonate  of  sodium  wherewith  to  prepare  this  acid, 
and  a  colored  solution'  senailive  to  both  acid  and  alkali,  to  indi- 
cate the  point  of  neutralization.  The  following  experiment  will 
give  some  idea  of  the  manipulation  required  in  this  sort  of  analysis, 
which,  on  account  of  its-  rapidity,  is  of  very  general}  application 
in  technical  chemistry.  The  general  method  is  called  volumelrie, 
because,  when  once  the  standard  liquids  are  prepared,  quantita- 
tive results  are  obtained,  not  by  weighing,  but  by  measuring  the 
bulk  of  liquid  consumed  in  the  testing. 

Sep.  246.^"Weigli  out  accurately  5  grms.  of  pure  anhydrous  carbo- 
nate of  sodium ;  transfer  it  to  a  flask  or  beaker  having  the  capacity  of 
about  400  c.  c. ;  dissolve  it  in  about  200  c.  c.  of  water,  and  color  the 
solution  blue  with  about  2  c.  c.  of  a  violet  tincture  of  litmus.  To  pre- 
pare this  tincture,  digest  1  part  of  litmus  in  6  parts  of  water,  on  a 
water-bath,  for  several  hours  i  filter;  divide  tlie  blue  liquid  into  two 
equal  portions,  and  stir  one  half  repeatedly  with  a  glass  rod  dippeil  in 
very  dilute  nitric  acid,  until  the  color  just  appears  ted ;  then  add  the 
other  blue  half,  together  with  one  part  of  alcohol,  and  keep  the  tinetui* 
in  a  small  open  bottle.    In  a  stoppered  bottle  the  tincture  fades. 

Mix  about  60  grma.  of  strong  sulphuric  acid  with  500  e.  c,  of  water 
and  let  the  mixtm^e  cool  (§  233).  Fill  a  50  c.  c.  Mohr'a  burette  (Ap- 
pendis,  5  21)  up  to  the  0  mark  with  the  cold  dilute  acid.  Place  the 
flask  or  beaker  contMmng  the  soda  solution  beneath  the  biyette,  gently 
press  the  spring-clip,  and  allow  the  acid  to  flow  gradually  into  the  soda 
solution,  stirring  the  while,  until  the  color  of  the  liquid  changes  to  a 
wine-red;  then  place  the  flask  or  beaker  over  a  lamp,  and  bring  the 
liquid  to  ebullition ;  the  dissolved  carbonic  acid  will  be  driven  out,  and 
the  liquid  will  agwn  become  blue;  more  acid  is  then  added  to  the 
nearly  boiling  fluid,  the  vessel  being  occasionally  placed  over  the  lamp, 
mitil  the  color  of  the  liquid  becomes  red,  eligbtly  inclining  to  yellow. 


sd  by  Google 


?0I-  AKD  SOEA-iSH.  421 

When  tte  point  of  saturation  is  approaching,  add  the  acid  two  drops  et 
a  time,  and  after  each  fresh  addition  dip  a  fine  glass  rod  into  the  fluid, 
and  mate  with  it  two  spots  on  a  slip  of  fine  blue  litmus-paper,  reading 
the  volume  each  fime,  and  mai-ldng  the  number  of  centimetres  between 
the  two  spots.  Continue  this  operation  until  tiie  spots  on  the  paper 
appear  distinctly  red;  then  dry  the  paper  aad  take  for  the  correct 
number  that  figure  which  stands  between  those  two  spots  which  just 
remain  red  when  dry. 

For  aome  eyes,  tincture  of  cochineal  possesses  great  advantages  over 
tinctuieoflitmua  as  a  means  of  recognizing  the  point  of  neutralization. 
The  tincture  of  cochineal  is  prepared  by  digesting- 3  grma.  of  powdered 
cochineal  in  a  mixture  of  50  c  c.  of  alcohol  and  200  c  c.  of  water,  at 
thB  ordinary  temperature,  for  several  days.  The  tincture,  rtiich  may 
be  either  decanted  or  filtered  from  the  residue,  has  a  ruby-red  color. 
The  caustic  alMiea  and  the  alkaline  -carbonates  change  the  color  to  a 
violet-carmine;  solutions  ojsti'ong  acids  and  acid-salte  make  it  orange; 
to  carbonic  acid  it  is  nearly  indifl'erent.  10  or  15  drops  of  the  tincture 
are  sufficient  to  color  200  c.  c.  of  liquid.  — 

Dilute  the  acid  which  remain?  of  the  ori^al  500  c.  c.  with  enough 
water  to  give  a  fluid  of  which  exactly  60  c,  c.  are  required  to  saturate 
5  gnus,  of  pure  carbonate  of  sodium.  This  dilution  is  eiFected  as  fol- 
lows ;— Suppose  that  40  e.  c.  of  the  acid  have  proved  sufficient  to  neu- 
tralize 6  grms.  of  the  pure  carbonate,  then  10  c.  c  of  water  must  be 
added  to  every  40  c.  c.  of  tho  acid.  460  c.  c.  of  the  original  dilute 
acid  remain;  now,  as  40  :  460  =  10  ;  number  of  c.c.  water  to  be  added 
=  115  c.  c.  Dilute,  therefore,  the  acid  with  115  c.  c.  of  water,  using 
some  of  this  waLer  to  rinse  the  burette  which  contains  the  undiluted 
acid,  the  measuring-glass  which  may  hare  been  used  to  ascertain  the 
extent  of  volume  of  the  original  acid,  and  any  other  vessel  inlu  which 
it  may  have  been  temporarily  poured.  Of  tliis  diluted  acid,  50  c  c 
should  exactly  neutralize  6  grms.  of  pure  anhydrous  carbonate  of  so- 
dium. It  may  be  tested  by  again  weighing  out  5  grma.  of  the  pure 
carbonate,  and  repe.iting  the  volumetric  determination  precisely  as 
above  described.  If  the  work  haa  been  well  done,  the  standard  acid 
will  be  found  ready  for  use. 

Weigh  out  5  grms.  of  common  soda-ash,  and  dissolve  m  about 
200  c.  c.  of  water  whatever  of  the  sample  is  soluble ;  repeat  upon  this 
liquid,  without  filtering,  the  volumetric  operation  of  the  last  experi- 
ment. The  number  of  half  c.  c.  of  standard  acid  used  gives  directly 
the  percentage  of  pure  anhydrous  carbonate  of  sodium  which  the 
sample  contains.  If  50  c.  c.  or  100  half  c.  c.  are  used,  the  sample  is 
pure  carbonate  of  sodium ;   if  40  o.  c  or  80  half  c.  c.  are  used,  the 
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sample  is  eighty  per  cent,  pure  carbonate,  and  twenty  per  cent,  tvatei 
«nd  other  impurities. 

503.  "When  an  acid  has  heen  preparcci,  of  which  50  c.  c.  exactly 
neutralize  5  grms.  of  pure  carbonate  of  sodium,  k  is  a  matter  of 
simple  calculation  only  to  determine  bow  much  hydrate  of  sodium, 
how  much  carbonate  of  potassium,  and  how  much  hydrate  of 
potassium  the  same  50  e,  c.  acid  will  neutralize.  The  follow- 
ing are  the  proportions  required,  the  atomic  weight  of  potassium 
being  39-1 ;— 


106         : 

80        - 

6 

:    X  =  3-713  i 

ConiUnmg  rcdght  of 

Com.  lol.  0/ 

Gmis. 
N.,H,0,- 

106          : 

138-2     = 

6          ; 

:    a:  =  6-519 

ComUning  vmght  of 

Com.  t«(,  0/ 
K,CO, 

Grm^. 
II..CO.. 

K.CO, 

106        : 

112-2      = 

5 

:    .  =  5-292. 

Comimwi/  weioftt  of 
N.,CO,        • 

Com.  trf.  of 
K.II,0, 

Gi^s. 
B.,CO, 

Grm». 
K,H,0,- 

The  following  table  shows  the  quantities  of  these  four  snbstane«8 
which  are  equivalent  in  neutraliziiig-  or  combining-powev : — 

5000  grms.  of  carbonate  of  sodium     ^  i      .  j  v    -a 

,  __    ^  ,     ,  are  saturated  by  oO  e.  e. 

d-7T6     „       „  hydrate      „         „  \     .  .    ,i 

6-519     „       „  carbonate  of  potassium       .      .     .      -j 

Kooa  -I.  ^    >  standard  acid. 

5-292     „       „  hydrat*      „         „         J 

It  is  apparent  from  this  table  that  a  given  weight  of  carbonate  erf 
sodium  will  saturate  more  silicic  acid  or  more  fat,  or  will  give  oB" 
more  carbonic  acid  than  the  same  weight  of  carbonate  of  potassium 
and  that  the  hydrate  of  sodium  is  also  more  efficient,  {i*ramme  foi 
gramme,  than  the  hydrate  of  potassium.  These  facte  ai-e  to  be 
inferred  at  once  from  the  atomic  weights  of  sodium  and  potassium, 
which  are  23  and  39-1  respectively- ;  they  have  had  their  weight 
in  bringing  about  the  rapid  substitution  of  sodium-aalts  for  potas- 
eium-salts  in  the  chemical  arts. 

504.  Potassiwm  (K),— This  element,  like  sodinm,  ia  made  from 
its  carbonate  by  heating  intensely  a  mixture  of  the  carbonate  aai 
charcoal,  in  accordance  with  the  reaction, 

K^CO,   +  2C  =  2K   +  SCO. 
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ITie  apparatus  employed  is  siinilar  to  tlia,t  described  in  treating 
of  sodium  (§  487) ;  and  as  potassium  closely  resembles  sodium,  the 
same  general  metliod  is  followed,  and  the  same  precautions  are 
obscived,  A  second  distillation  of  the  crude  potassium  is  abso- 
lutely essential,  because,  if  it  be  neglected,  a  black,  detonating 
compound  of  uncertain  composition  is  formed,  which  explodes 
Tiolently  upon  the  slightest  friction. 

Potassium  is  a  silver-white  substance,  of  very  brUHant  lustre, 
which  is  brittle  at  0°,  soft  as  wax  at  ordinary  temperatures,  fuses 
at  ea^-S,  andiavolatile.atared  heat.  In  its  soft  state,  two  clean 
snrfaces  can  bo  welded  together  like  iron.  It  is  lighter  than 
water,  having  a  specific  gravity  of  only  0-865.  It  is  almost  in- 
stantaneously oxidized  by  air  and  water  at  the  ordinary  tempera- 
tore,  and,  when  heated,  by  nearly  every  gas  or  liquid  which  con- 
tains oxygen.  Like  sodium,  it  must  therefore  be  collected  and 
kept  under  naphtha,  out  of  contact  with  the  air.  At  moderate 
temperatures,  potassium  readily  absorbs  hydrogen,  nitrogen,  and 
carbonic  oxide,  and  enters  into  direct  combination  with  chlorine, 
bromine,  iodine,  sulphur,  selenium,  and  tellurium.  We  have  had 
occasion  to  avail  ourselves  of  Jts  intense  chemical  energy  (§§  85, 
97,411). 

Mrp,  247.— Throw  a,  piece  of  potassium,  as  large  as  a  small  pea,  upon 
some  cold  water  in  the  bottom  of  a  large  bottle,  and  place  a  cwd  or 
glass  plate  over  the  mouth  of  the  bottle.  The  potassium  decomposes 
the  water,  and  evolves  heat  enough  to  kindle  tlie  hydrogfen  which  is 
given  off;  this  hydrogen  bunts  with  a  purplish-red  color,  imparted  to 
the  flame  by  a  minute  quantity  of  vaporized  solid.  This  color  is  cha- 
racteristic of  potassium' compounds,  as  a  yellow  color  ia  charucteristio 
of  sodium  compoimds. 

505.  It  is  not  a  matter  of  indifference  from  what  kind  of  a 
mixture  of  carbonate  of  potassium  and  carbon  potassium  is  pre- 
pared. The  material  which  is  best  adapted  to  its  preparation  is 
the  potassium- salt  of  a  vegetable  acid  rich  in  carbon,  which,  when 
decomposed  by  heat  in  a  vessel  from  which  air  is  excluded,  yields 
carbonate  of  potassium  and  a  large  quantity  of  free  carbon. 
While  grape-juice  is  being  converted  into  wine  by  fermentation, 
a  stony  deposit,  called  "  tartar,"  which  is  sometimes  gray  and 
sometimes  reddish,  fastens  to  the  bottom  and  sides  of  the  casks 
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which  contain  the  fcrmejited  juice.  When  freed  by  reorystalliza- 
tion  fram  adheiing  coloring- matters,  this  crj-stalline  and  diffl- 
cultlj-  soluble  substance  is  a  white  salt,  acid  and  cooling  to  the 
taste.  It  is  an  acid  tartrate  of  potassium,  and  is  commonly  called 
"cream  of  tartar."  When  this  substance,  or  crude  tartar,  is 
heated  in  a  covered  crucible  until  it  ceases  to  emit  combustible 
vapors,  the  cooled  residue  is  found  to  consist  of  a  porous  mass  of 
carbonate  of  potassium,  intimately  mixed  ■with  very  finely  divided 
carbon.  This  mixture  is  the  best  material  from  which  to  pre- 
pare potassium  ;  it  is  also  an  excellent  flux,  useful  in  assaying 
the  ores  of  the  common  metals.  In  wine-producing  countries 
considerable  quantities  of  excellent  carbonate  of  potassium  are 
prepared  from  the  deposits  of  the  wine-vats,  by  dissolving  the 
carbonate  out  of  the  ignited  tartar  and  purifying  the  salt,  so  ex- 
tracted, by  recrystallization.  The  caibonate  so  obtained  is  the 
purest  source  of  hydrate  of  potassium  for  laboratory  use. 

506.  CT?mdeo//'o(am«m(ZCl).— This  salt  is  a  subordinat* 
source  of  potassium  compounds.  It  is  extracted  in  considerable 
quantity  from  the  ashes  of  sea-weeds,  and  is  largely  used  in  the 
manufacture  of  common  alum,  which  is  a  sulphate  of  aluminum 
and  pota-ssium.  It  occurs  native,  sometimes  pure,  but  more  fre- 
quently mixed  or  combined  with  other  chlorides.  The  chloride 
of  potassium  is  capable  of  uniting  with  most  other  metallic  chlo- 
rides, forming  crystallizable  double  salts.  The  native  double 
chloride  of  potassium  and  magnesium  (KCl,MgClj,6HjO)  has  be- 
come of  late  years  a  productive  source  of  jMjtassium- salts.  This 
mineral  is  dissolved  in  hot  water;  from  the  cooled  solution  the 
greater  part  of  the  chloride  of  potassium  orj-stallizes  out,  while 
the  chloride  of  magnesium  remains  in  solution,  CMoride  of 
potassium  occurs  also  with  the  chlorides  of  sodiiun,  magnesium, 
calcium,  and  other  salts  in  sea-water  and  brine-springs,  and  is 
obtained  as  a  seeondarj-  product  ta  the  preparation  of  chlorate  of 
potassium  (§  517),  the  purification  of  nitre  (§  514),  and  in  seve- 
ral other  manufacturing-operations.  It  may  be  prepared  directly 
from  potassium  and  chlorine,  or  from  the  earbonate  or  hydrate 
of  potassium  and  chlorhydric  acid. 

Chloride  of  potassium  crystallizes  in  anhydrous  cubes,  loots 
and  tastes  like  common  salt,  is  not  acted  upon  by  the  air,  de- 
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crepitates  when  heated,  melts  at  a  low  red  heat,  and  volatilizes 
unchanged  at  a  higher  temperature.  It  is  somewhat  more  vola- 
tile than  common  salt,  is  more  soluble  in  water,  and  produces  a 
greater  degree  of  cold  in  dissolving.  This  chloride  enters  into 
some  highly  crystalline  compounds,  of  curious  composition,  of 
which  the  product  of  the  following  experiment  may  serve  as  an 
example : — 

Bxp.  248. — By  the  aid  of  agenfleheat,  disaolveegrms,  of  powdered 
red  chromate  of  potassium  in  8  grma.  of  strong  chlorhydric  acid, 
avoiding  evolution  of  chlorine.  "When  the  powder  is  dissolved,  allow 
the  solution  to  cool;  flat,  I'ed  prisms  will  ciiistallize  from  the  liquid. 
This  compound  answers  to  the  formula  KCl,OrOj.  It  is  decomposed 
by  solution  in  water. 

KjO,2UrO,  +  2HC1  =  2(KCI,0iOJ  +  H^O. 

JRed  Ckroinate 

of  FotassiMii. 

507.  Bromide  of  Pota^sittm  (EBr)  ia  a  very  soluhle  salt,  which 
crystallizes  in  cubes,  and  closely  rescmhles  in  all  its  properties 
the  chloride.  Potassium  and  bromine  unite  directly,  with  inflam- 
mation and  violent  detonation,  the  bromide  being  the  product  of  the 
reaction.  When  bromine  is  added  to  a  solution  of  caustic  potash 
until  the  liquid  acquires  a  permanent  yellowish  tinge,  a  mixture 
of  bromide  and  bromato  of  potassium  is  produced  :— 

6KH0  +   6Br  =  5KBr  +  KBrO,  +  SSfi. 
The  mixed  salts  are  dissolved  in  water,  and  a  current  of  sulphy- 
dric  acid  is  passed  through  the  solution  to  reduce  the  bromate : — 

KBrO,  +  SH^S  =  KBr  =  3H,0   +  3S. 
The  liquid  is  then  gently  warmed  to  expel  the  excess  of  gas, 
filtered  from  the  deposited  sulphur,  and  evaporated  until  the  bro- 
mide orystaUiaes.     The  salt  has  lately  come  into  use  in  medicine 
aa  a  sedative. 

508.  Iodide  of  Potassixtm  (KI). — This  valuable  medicine  and 
photographic  material  may  be  procured  by  adding  iodine  to  a  so- 
lution of  hydrate  of  potassium  until  the  liquid  turns  brown,  and 
gently  igniting  the  residue  obtained  by  evaporation.  The  pro- 
cess and  the  reaction  are  the  same  as  in  the  preparation,  of  the 
bromide,  except  that  the  iodate  may  be  decomposed  by  heat  alone 
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and  does  not  require  reduction  by  sulphuretted  hydrogen.  A 
better  mode  of  preparing  the  iodide  of  potassium  ia  to  tie  found 
in  the  decomposition  of  iodide  of  iron  by  carbonate  of  potassium. 

Digest  4  grnis.  of  iodine  and  2  gnns.  of  iron  filings  in  a  stoppered 
bottle  with  20  c.  c.  of  water ;  iodido  of  iron  (FbI^)  is  formed  under 
theae  conditions  by  direct  union  of  the  elements.  The  liquid  is  then 
transferred  to  a  flask  and  boiled,  and  a  solution  of  carbonate  of  potas- 
sium is  added  by  Email  portions  so  long  as  a  precipitate  occura.  The 
solution,  filtered  fi^om  the  insoluble  carbonate  of  iron,  yields  on  eva- 
poration crystals  of  iodide  of  potassium. 

Iodide  of  potassium  ordinarily  crystaHizea  in  semiopaque  cnbes. 
It  is  permanent  iu  the  air,  has  a  sharp  taste,  melts  below  a  red 
heat,  and  volatilizes  unchanged  at  a  low  red  heat.  It  is  very 
soluble  in  water,  and  iu  dissolving  produces  a  considerable  fall  of 
temperature.  Alcohol  also  fireely  dissolves  this  salt.  The  facility 
■with  which  the  salt  is  decomposed  and  its  iodine  liberated  by 
chlorine,  ozone,  and  nitric  acid  has  been  already  amply  illustrated 
(Esps.  70,  72,  76). 

Iodide  of  potassium  is  much  used  in  medicine ;  it  ia  not  poi- 
sonous even  in  doses  of  5  to  20  grms.  Its  solution  in  water  dis- 
Bolves  iodine  ia  a  large  extent,  acquiring  thereby  a  dark-brown 
color.  This  brown  solution  is  sometimes  used  in  medicine  as  a 
vehicle  for  iodine ;  it  is  also  useful  to  the  photographer  for  re- 
moving from  the  skin  the  stains  produced  by  nitrate  of  silver. 
Iodide  of  potassium  is,  further,  employed  in  the  photographic  pro- 
cess upon  glass,  to  produce  in  the  substance  of  the  film  of  collo- 
dion a  deposit  of  iodide  of  silver  by  double  decomposition  with 
nitrate  of  silver. 

509.  Cyanide  of  Potassium  (KCH). — The  elements  which  make 
part  of  the  whitish,  soluble,  fusible,  and  deliquescent  solid  which 
beiu-s  this  name  are  potassium,  carbon,  and  nitrogen.  At  a  bright- 
red  heat  these  three  elements  will  come  together  to  form  this  salt 
out  of  quite  a  variety  of  materials,  and  under  quite  various  cir- 
cumstances. When  nitrogen  gas  is  passed  over  a  mixtiire  of 
charcoal  and  hydrate  or  carbonate  of  potassium,  at  a  bright-red 
heat,  cyanide  of  potassium  is  formed.  When  nitrogenous  organic 
matters  are  fused  with  hydrat*  or  carbonate  of  potassium,  the 
cyanide  is  formed.     In  presence  of  iron  scraps  or  filings,  this 
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mixture  produces  a  common  cyanide,  containing  potassium,  iron, 
carbon,  and  nitrogen,  and  known  in  the  arta  as  "  yellow  prussiate 
of  potash,"  and  t«  chemists  as  ferrocyanide  of  potassium,  I£  this 
"  prussiate  "  he  ignited  at  a  moderate  red  heat,  it  is  decompOL^rd 
into  cyanide  of  potaasiiim,  nitrogen,  and  a  compound  of  iron  with 
carbon : — 

4KCN,Fe(ClT),  =  4KCN  +  SN  +  FeC,. 
In  the  blast-funiaccs  in  which  iron  ores  are  smelted  with  coal 
or  coke,  a  considerable  quantity  of  cyanide  of  potassium  is  often 
produced,  the  nitrogen  being  probably  derived  from  the  torrents 
of  nitrogen  which  the  blast  of  air  carries  into  the  furnace.  In- 
stead of  igniting  the  yellow  prussiate  alone,  a  more  economical 
process  is  to  ignite  a  mixture  of  the  prussiate  with  carbonate  of 
potassium.  This  method  saves  all  the  cyanogen  in  the  prussiate; 
but  tho  salt  thus  obtained  is  always  mixed  with  cyanate  and  car- 
bonate of  potassium : — 
K.Fe(CN).  +  E^CO,  =  5K(CN)  +  K(CN)0  +   CO,  +    Fe. 

The  presence  of  these  impurities  does  not  injure  the  cyanide  for 
many  of  its  uses. 

Cyanide  of  potassium  is  of  great  use  in  galvanic  gilding  and 
silvering,  since  the  cyanides  of  gold  and  silver  are  both  soluble  in 
a  solution  of  cyanide  of  potassium.  Its  solution  dissolves  the 
sulphide  of  sUver,  and  has  therefore  been  suggested  for  house- 
hold use  in  cleaning  silver- ware  ;  photographers  sonietimeB  use  it 
for  removing  stains  of  nitrate  of  silver  from  the  hands  ;  but  both 
these  applications  of  cyajiide  of  potassium  are  dangerous  and  in- 
expedient. The  cyanide  is  intensely  poisonous,  not  only  when 
taken  internally,  but  also  when  brought  into  contact  with  an 
abrasion  of  the  skin,  a  cut,  or  scratch.  As  a  reducing  agent, 
cjanide  of  potassium  has  great  power ;  it  Ja  especially  useful  in 
blowpipe  reactions  (Exp.  132). 

510.  Sulphides  of  Potassium. — Potassium,  heated  in  sulphur- 
vapcr,  takes  fire  readily,  and  burns  brilliantly.  There  are  sup- 
posed to  be  five  different  compounds  of  potassium  and  sulphur, 
corresponding  to  theformulffiK^,K^Sj,KjS^,KjS^,  and  E^Sj;  and 
there  is  a  sulphydrate  KHS,  analogous  to  the  hydrate  EHO. 

£iy.  249. — Heat,  gently,  B  thorough  mixture  of  10  grms.  of  dry 
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powdered  carbonate  of  potassium,  and  6  grraa.  of  sulphur,  in  a  covered 
earthen  or  iron  crucible,  until  efferveBcence  ceases  and  the  mass  flows 
quietly.  The  fused  mass  has  a  yellowish-brown  color,  and  consists  of 
tersulphide,  quinquisulpliide,  and  mtei-mediate  sulphides  of  potassium, 
mixed  witli  sulphate,  and  often  with  carbonaffl  of  potassium;  it  is 
called  "liver  of  sulphur."  This  substance,  dissolved  in  water,  gives  a 
greenish  solution,  Irom  which  dilute  acids  liberate  sulphuretted  hydro- 
gen,  and  precipitate  milk  ol  sulphur  (§  198).  The  cai'bonic  acid  of 
the  air  is  strong  enough  to  etlect  this  deeomposiunn ;  hence  the  soUd 
substance  and  its  solution,  when  exposed  to  the  air,  smell  of  aulphu- 

K.S,  +  II,S04  =  KjSOj  +  HjS  +  2S. 
Tbe  chief  use  of  liver  of  sulphur  is  in  the  medical  treatment  of  skin- 

511.  When  aulphydric  acid  gas  is  passed  to  saturation  into  a 
solution  of  caustic  potasii,  a  colorless  solution  is  obtained,  which 
is  supposed  to  contiiin  the  sulphydrate  KHS.  It  has  no  pei'ma- 
nency,  quickly  absorbing  oxygen  and  turning  yellow. 

All  the  sulphides  of  potassium  are  brown  solids,  having  an  al- 
kaline reaction  to  test-paper,  and  smelling  of  sulphydric  acid. 
Their  solutions  are  oxidized  bj'  exposure  to  the  air,  and  sulphur 
is  deposited  from  them. 

512.  Sulphate  of  Potassium  (K^SOJ.— This  anhydrous  salt 
crystallizes  in  transparent  hexagonal  prisms,  terminated  by  hexa- 
gonal pyramids,  aud  consequently  bears  some  resemblance  to 
common  quartz  crystals.  The  salt  has  a  strong  tendency  to 
form  double  sulphates  ;  a  double  sulphate  of  potassium  and  mag- 
nesinm  is  of  importance  in  the  manufacture  of  potassium -salts 
from  sea-water.  It  also  enters  into  the  composition  of  many 
of  the  double  sulphates,  which  are  called  alums  from  the  name  of 
the  commonest  member  of  the  dass,  the  sulphate  of  aluminum 
and  potassium. 

513.  Sulphate  of  Fotassmm  and  ffy<;TO(fm{KHSO  J.~This  salt, 
commonly  called  the  "  bisulphate,"  is  formed  on  a  large  scale  as 
a  residuary  prodnct  whenever  nitric  aeid  is  manufactured  from 
Qitrate  of  potassium.  When  ignited,  its  crystaJa  lose  half  their 
acid  :— 

2(KHS0,)  =  K,SO.  4-  H,SO.; 
and  the  salt  is  therefore  sometimes  used  as  a  flux,  in  cases  where 
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the  action  of  a  strong  acid  is  required  at  a  high  temperature  upon 
ealtfl  or  oxides  with  which  it  may  he  fused.  Platinum  tools  may 
be  cleaned  hy  fusing  this  salt  in  or  upon  them. 

514,  Mlrate  of  Potassium  (KNO^). — This  valuable  salt,  com- 
monly called  saltpetre,  is  very  widely  diffused  as  a  natural  pro- 
duct, being  indeed  seldom  wholly  wanting  in  a  productive  aoO,  or 
in  spring-  or  rivor-water.  At  m&ny  localities  it  is  found  in 
caverns  or  caves  in  calcareous  formations ;  but  the  principal  com- 
mercial source  of  the  salt  is  the  soil  of  certain  tropical  regions, 
especially  of  districts  in  Arabia,  Pei-sia,  aad  India,  where  the 
nitrate  is  found  disseminated  through  the  upper  portion  of  the 
soil,  or  forming  an  efflorescence  upon  the  surface,  but  never 
extending  lower  than  the  depth  to  wh'oh  the  air  can  easily 
penetrate. 

This  natural  production  of  nitrates  appears  to  result  mainly  from  the 
putrefactiofl  of  vegetable  and  animal  matters,  in  presence  of  the  air 
and  of  alkaline  or  earthy  bases  capable  of  fixing  the  nitric  acid  as  soon 
as  it  ta  formed.  The  well-waters  of  towns,  contaminated  by  neighbor- 
ing sewers  and  cesspools,  nearly  always  eontsin  nittates.  The  decay 
of  the  luxuriant  vegetation  of  the  tropics,  promoted  by  a  hot  sun  and 
a  moist  atmosphere,  is  ft  never-failing  source  of  ammonia;  hut  it  is  not 
certain  that  the  production  of  ammoni»  is  a  necessary  stage  in  the  pro- 
cess of  nitrification.  In  the  artificial  production  of  nitrates  in  tem- 
perate climates,  the  supposed  natural  conditions  have  been  roughly 
imitated.  In  the  old  saltpetre  "  plantations  "  of  European  countries, 
nitrate  of  calcium  was  produced  by  mixing  decomposing  vegetable  and 
animal  matters  with  cinders,  chalk,  marl,  and  so  forth,  moistening  the 
mass  repeatedly  vrith  leachings  of  manure-heaps,  exposing  it  freely  to 
the  air  for  two  or  three  years,  and  then  lixiviating.  The  nitrate  of 
calcium,  which  was  the  main  product,  was  then  converted  into  salt- 
petre hy  double  decomposition  with  carbonate  of  potassium. 

The  saltpetre  is  extracted  irom  the  earth  which  contains  it  by  lixi- 
viation,  evaporation,  and  crystallization;  but  inasmuch  as  for  most  uses 
it  is  required  in  a  very  pure  state,  the  crude  salt  must  generally  be  re- 
fined. The  common  impuritiea  of  crude  saltpetre  are  chloride  of  so- 
dium and  chloride  of  potassium.  In  order  to  separate  these  chlorides, 
advantage  is  taken  of  the  fact  that  the  nitrate  of  potassium  is  four 
times  as  soluble  in  boiUng  water  as  the  chloride  of  potnasimn,  and  six 
times  as  soluble  as  the  chloride  of  sodium.  The  crude  saltpetre  is 
treated  with  a  quantity  of  water,  sufficient  to  dissolve  at  boiling  aD  the 
nitrat«  of  potassium,  hut  not  all  of  the  chloride  of  sodium  beside.   This 
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residual  salt  is  scooped  out  of  the  veaael  in  which  the  solution  18 
efFected,aud  the  solution, after  bein^  somewhat  diluted, is  boiled  with 
a  little  glue,  to  coagulate  the  coloring-matters  and  other  soluble  dirt, 
and  sweep  the  liquid  clean  by  means  of  the  adhesive  scum  which  rises 
fo  the  surface.  The  strong,  clear  solution  is  then  transferred  to  ehallow 
cryHtallizing  pans,  and  left  at  rest  if  large  crystals  are  desired ;  if  small 
crystals  are  preferable,  the  liquid  is  constantlystirred  from  the  moment 
that  crystallization  begins ;  fnfi  saltpetre  is  then  deposited  in  a  crystal- 
hi  e  powder  called  ealtpetre-flouj.  The  chlorides  of  sodium  and 
potai^  um  are  nearly  aa  soluble  in  cold  water  as  in  hot ;  but  nitrate  of 
potassium  is  only  one-eighth  as  soluble  inwaf«r  at  the  temperature  ot 
the  atmoiphpre  as  in  boiling  water.  Hence  the  chlorides  remain  in 
themother  1  quor,  while  the  nitrate  rapidly  separates  from  the  solution 
as  t  cool>"  The  crystals  ot  saltpetre  are  drained,  and  then  washed 
with  a  solution  ol  saltpetre  saturated  in  the  cold.  This  solution  takes 
up  the  adhering  chlorides,  but  leaves  the  pure  nitrate  of  potassium 
undissolved. 

Large  quantities  of  saltpetre  are  now  made  by  decomposing  nitrate 
of  sodium  with  carbonate  of  potassium.  When,  through  governmental 
interference,  the  Eaat-lndisn  supply  of  saltpetre  is  checked,  this 
method  is  resorted  to  with  advantage.  Tartar,  and  the  ashes  of  the 
heetiwt-sugar  manufacture,  are  good  sources  of  potash  to  be  applied 
to  this  purpose.  Crude  nitoafe  of  sodium  contains  so  much  chloride 
of  sodium,  that  it  is  desirable  to  purify  it  for  this  use  by  previous  re- 
crystallization  ;  otherwise  potash  would  be  unprofitably  consumed  in 
converting  chloride  ol  sodium  into  chloride  of  potassium.  One  of  the 
processes  for  converting  the  nitrate  of  sodium  into  nitrate  of  potassium 
consists  simply  in  adding  the  nitrate  of  sodium  to  a  hot  concentrated 
solution  of  carbonate  of  potassium:  a  precipitation  of  carbonate  of  so- 
dium taies  place,  and  this  precipitate  is  removed  as  fast  as  it  forms, 
until  no  more  appears ;  from  the  cooled  liquid  saltpetre-flour  is  de- 
posited. The  carbonate  of  potassium  may  be  replaced  in  this  process 
by  chloride  of  potassium.    NaNO,-|-KCl=KNU,-|-NaCL 

515,  Nitrate  of  potassium  is  white,  inodorous,  and  anhydrous, 
and  has  a  cooling,  bitter  taste.  When  pure,  ifc  is  permanent  in 
the  air, — a  fact  of  great  importance,  inasmuch  as  the  chief  use 
of  this  salt  is  in  the  manufacture  of  gunpowder.  Were  it  hygro- 
scopic, like  nitrate  of  sodium,  it  would  not  be  applicable  to  this 
use.  Saltpetre  is  one  of  those  few  potassium -salts  which  cannot 
be  wholly  replaced  in  the  arts  by  the  corresponding  sodium-salt. 
It  is  very  soluble  in  water,  especially  in  hot  water;  it  melts  below 
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B  red  heat  to  a  colorless  liquid  without  loss  of  substanc*,  but  at  a 
red  heat  it  gives  off  oxygen  and.  suffers  decompoaition.  Its 
most  marked  chemical  characteristic  is  its  osidiziEg-power.  It 
deflagrates  in  the  fire  with  eliarcoal,  sulphur,  phosphorus,  and 
other  combustible  bodies;  when  ignited  in  contact  with  copper 
or  iron  (Exp.  46),  it  converts  these  metals  into  oxides ;  and  it 
even  oxidizes  gold,  silTcr,  and  platinum.  It  is  ou  the  osidizing- 
power  of  saltpetre  that  its  use  in  the  manufacture  of  gunpowder 
and  fireworks,  and  in  the  preparation  of  matches,  depends. 

Arrang'e  10  grma.  of  puie  nitrate  of  potassium  and  20  or  30  grins,  of 
thin  copper- turnings,  or  small  bits  of  sheet  copper,  in  alternate  layers, 
in  a  covered  copper  crucible,  and  expose  the  mixture  for  half  an  hour 
to  a  moderate  red  beat.  Dissolve  out  the  cooled  mass  with  water,  and 
let  the  liquid  stand  in  a  tall,  closed  botUe  until  the  oxide  of  copper  has 
settled  to  the  bottom.  The  supernatant  liquid  is  a  pure  solution  of 
caustic  potash ;  indeed  this  is  an  excellent  method  of  preparing  pure 
hydrate  of  potassium  for  use  in  analysis : — 

SKKOj  +  50u  +  11,0  =  2KH0  +  6CuO  +  2N. 

Exp.  250.— Ileat  10  or  12  grms.  of  saltpebe,  gently,  in  a  small 
porcelain  dish,  imfil  it  melts ;  pour  the  melted  salt  out  on  a  cold  piece 
of  iron  or  stone ;  break  the  fused  mass  into  small  fragments,  and  fill 
an  ignition-tube,  12-15  c.m.  long,  one-third  fuU  with  these  bits.  Heat 
the  tube  cautiously,  taking  pains  to  keep  all  the  salt,  when  once  melted, 
in  a  state  of  fusion.  At  a  red  heat,  oxygen,  pure  at  first,  is  slowly 
evolved,  and  maybe  collected  at  the  water-pan ;  si  muUaneously  nitrite 
of  potassium  (KNOj)  is  formed ;  at  a  second  stage  this  nitrite  is  itself 
decomposed,  and  the  escaping  oxygon  is  then  contaminated  with  a 
certain  proportion  of  nitrogen.  A  portion  of  the  gas  collected  may  be 
tested  with  a  glowing  sphntet  (Exp.  6) ;  another  portion  may  be  mixed 
with  coal-gas,  and,  with  themixture,bubb!es  may  be  blown,  as  directed 
in  Exp  30 ,  the  mii.tme  will  be  found  to  be  exceedingly  explosive. 

This  e-^periment  provei,  m  the  first  place,  that  saltpetre  itself  is  not 
explosive,  and  in  the  second  place,  atfords  an  explanation  of  the  fact 
that  fiightfiil  explosioM  do  often  occur  when  storehouses  containing 
saltpetre  are  burned  Carburetted  hydrogen,  such  as  was  obtained  in 
Exp  151  (represented  by  the  coal-gas  in  the  last  experiment),  is 
evolved  from  the  wood-work  of  the  burning  building,  wherever  the 
wood  IS  heated  out  of  contact  with  the  air;  meanwhile  oxj'gen  is  given 
off  from  the  ignitedsaltpetre,Bndwhenever  these  two  gases  mix  in  the 
reqid^te  proportions,  and  their  mixture  comes  in  contact  with  aflame, 
a  violent  explosion  inevitably  ensues. 
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Rrp.  251. — Dissolve  5  grmg.  of  saltpetre  in  20  n.  C.  of  water ;  clip 
strips  of  bilmloiis  pipor  in  the  solution,  and  dry  them ;  tliis  paper, 
once  kindled,  will  smoulder  away  till  consumed.  It  is  used  in  eon- 
n^ion  with  fireworks,  and  in  the  maniifacture  of  pastilles  and  aromatic 
fiimigpating  paper. 

Er^.  263.— Mix  5  grras.  of  powdered  saltpetre  with  1  grm.  of  dry 
powdered  charcoal ;  place  the  mixture  on  a  piece  of  porcelain  and  i  .'- 
nite  it  with  a  hot  wire.  When  the  deflagration  is  over,  a  white  solid 
will  he  found  upon  the  porcelain.  Dissolve  this  solid  in  a  few  drops 
of  wafer;  the  solution  will  be  alkaline  to  t«st-paper;  aSdafow  drops 
of  a  dilute  acid;  a  brisk  efliirrescenoe  marks  the  escape  of  cavbonic 
Hcid.  The  nitrate  has  oxidized  the  carbon  to  carbonic  acid,  part  of 
wh'ch  escaped  with  the  nitrogen  during  the  deflagration,  while  part 
entered  into  combination  with  the  potasrium  r — 

4KNO3  +  5C  =  2K,C0,  +  3C0a  +  4N. 
Mcp.  253.— Plate  SO  grma.  of  saltpetre  in  a  small  beaker  with  110 
C.  o.  of  water;  insert  a  thermometer  in  the  mixture,  and  observe  the 
very  considerable  fall  of  temperature  occasioned  by  the  solution  of  the 
salt.  In  those  countries  where  saltpetre  is  cheap  and  ice  dear,  this 
property  of  the  salt  ia  availed  of  for  the  refrigeration  of  drinks. 

516.  Gunpowder  is  an  intimate  mechanical  mixtnre  of  soft- 
wood charcoal  (§  3S2),  sulphur,  and  nitrate  of  potassium,  in  the 
proportions  of  70  or  80  per  conL  of  the  nitrate  to  10  or  12  per 
cent  of  i,i,ch  of  the  other  ingredients.  Though  it  is  in  no  sense 
a  cheniiLdl  compound,  we  may,  for  convenience'  sake,  express 
thi  compr sition  of  gunpowder  by  the  formula  K^NjOj+S+SC, 
and  may  louglily  formulate  the  reactions  which  occur  when  it  ia 
burned,  by  the  following  equation ; — 

K,rf,0,  +  S  +  30  =  300,  +  2N  +  E,8. 
Speaking  in  general  terms,  the  oxygen  of  the  nitrate  combines 
with  the  carbon  to  form  carbonic  acid,  or,  at  the  least,  cai'bonic 
oxide,  while  the  sulphur  is  retained  by  the  potassium,  and  nitro- 
gen left  free.  Gunpowder  burns  at  the  expense  of  the  oxygen 
contained  m  it;  it  has  no  need  of  air  for  its  combustion,  but  can 
be  burned  in  any  closed  space — as  well,  for  example,  in  canisters 
undu  water,  or  tightly  enclosed  in  the  chamber  of  a  gun,  as  in 
free  air 

Trom  (he  formula,  it  will  be  seen,  at  a  glance,  that  a  very  large 
propoition  of  gas,  as  compared  with  the  bulk  of  the  solid  powder. 
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mnst  be  evolved  when  powder  m  bumed  But  gunpcwder  burns 
rapidly  and  with  great  evolutnn  of  hoit,  so  tbil:  the  volume  of 
gas,  large  at  any  temperature  is  enormna'.l^  expanded  at  the 
moment  of  its  formation ;  hence  it  happens  that  the  gas  set  free 
in  tlie  barrel  of  a  gun  may  be  capible  of  occupying  a  thousand 
or  fifteen  hundred  times  as  mui,h  'ipai.e  as  the  powder  which  ge- 
nerated it.  An  enormous  pressure  la  thus  engendered  at  the  spot 
where  the  powder  burns,  and  to  this  pressure  some  part  oi  the 
matter  which  confines  the  powder  mnst  yield.  In  the  case  of 
the  gun-harrel,  it  is  the  bullet  which  represents  the  weakest,  or 
hrealring  side  of  the  chamber  in  which  the  powder  hums ;  but 
when  rocks  are  blasted,  then  the  packing,  or  "  tamping,"  which 
represents  the  ball,  is  made  so  firm,  that  it  shall  be  stronger  tlian 
the  rooky  sides  of  the  drill-hole,  which  is  cqnivnlent  to  the  bar- 
rel of  the  gun.  In  case  the  walls  of  the  gun  can  be  disrupted 
more  readily  than  the  firmly  impacted  buUet  ean  be  driven  out, 
then,  of  course,  the  gun  bursts ;  and,  conversely,  the  tamping  of 
a  drill-hole  is  thrown  out  if  it  be  less  firm  than  the  rock.  In  the 
ease  of  the  gun-barrel,  a  part  of  the  effect  of  the  explosion  is  felt 
in  tlio  kick  or  recoil  of  the  gun. 

Though  tho  equation  last  given  is  useful  in  so  far  as  it  exhibits 
the  gaseous  products  evolved  during  the  combustion  of  gun- 
powder, it  does  not  truly  express  the  solid  products  of  the  reac- 
tion. The  residue  of  the  combustion  really  contains  only  a  com- 
paratively small  proportion  of  sulphide  of  potassium  ;  it  consists 
mainly  of  sulphate  of  potassium  and  carbonate  of  potassium, 
together  with  some  hyposulphite  of  potassium,  and  a  trace  of  un- 
bumed  carbon.  Enough  sulphide  of  potassium  is  always  present, 
however,  to  impart  the  ofiensive  odor  which  is  perceived  in  wash- 
ing a  foul  gun,  and  in  powder-smoke. 

Exp.  254,— Pulverize,  separately,  23  grma.  of  nitrate  of  potassium, 
4  grins,  of  sulphur,  and  4  gnns.  of  charcoal.  Place  a  drop  or  two  of 
water  in  a  porcelain  mortar,  and  grind  into  it,  first,  the  cliarcoal,  and 
then  the  other  ingredients,  taking  care  to  add  enough  water  to  form  a 
plastic  dough.  After  the  mass  has  been  thoroughly  kneaded,  roll  out 
small  portions  of  it  between  two  pieces  of  board,  info  long  threads,  of 
the  thickness  of  a  fine  knitting-needle.  With  a  knife,  cut  the  threads 
into  small  fragments  or  granules,  and  leave  the  granules  in  a  vmrm 
room  to  dry.  The  thoroughly  dried  product  is  gunpowder;  and  the 
2f 
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manipulation  in  this  experiment  does  not  differ  essentitilly  from  th.' 
mode  of  manufecture  employed  in  the  powder-mills,  excepting  that  the 
granulation  is  there  effetted  ty  passing  the  moiBt  paste  tlivoug-h  cul- 
lenders, 

ITie  sulphur  in  gunpowder  acts  mainly  aa  a  Mndlitig  material 
(5200).  In  powder  intended  for  use  in  guns,  the  proportion  of  sul- 
phur ia  kept  comparfttively  low,  since  any  excess  of  it  would  corrode 
the  metal  of  the  gun 

Exp.  255.— Knead  together,  as  in  Exp.  254,  7  grms.  of  powdered 
nitrate  of  potas-iuiu  and  1 6  grm.  of  moistened,  finely  powdered  char- 
coaL  Granulate  and  diy  the  product,  as  before,  and  compare  its  in- 
flammahility  with  that  of  the  gunpowder  prepared  in  Exp.  254,  ty 
touching  small  heaps  of  each  with  a  red-hot  wire.  Mixtures  of  char- 
coal and  nitrate  of  JMtassium,  such  as  the  foregoing,  are  much  used  in 
the  manufacture  of  fireworks. 

517.  ChhmU  of  Potassium  (KCIO^).— The  basis  of  the  large 
use  now  made  of  this  beautiful  salt  in  medicine,  in  calico-print- 
ing, in  pyi'otechny,  in  the  match-manufacture,  and  in  the  chemical 
laboratory  is  its  lai^e  oxygen- contents.  It  b  an  oxidizing  agent 
of  the  most  vigorous  description. 

It  may  be  prepared  by  saturating  a  solution  of  1  part  of  hydrate  of 
potassium  in  3  parts  of  water  with  chlorine,  and  heating  the  liquid 
some  time  to  the  boiling-point.  The  ultimate  result  may  he  expressed 
by  the  formula  • 

GKHO  +  601  =  KOIO^  -|-  5KC1  +  SHfi; 
hut  the  process  has  two  stages,  which  are  sufficiently  described  in  5  124. 
The  hot  solution,  left  to  itself,  deposits  the  gi'eater  part  of  the  chlorate 
in  anhydrous  six-sided  plates  of  a  pearly  lustre ;  the  chloride  of  potas- 
sium remains  ia  the  mother-liquor.  The  chlorate  is  freed  from  adhe- 
ring chloride  by  recrystallizatiun.  The  success  of  the  pi'ocess  depends 
upon  the  very  different  solubilities  of  the  chlorate  and  the  chloride  of 
potassium.  At  the  temperatme  of  their  saturated  boiling  solutions 
both  salts  are  about  equally  soluble  ;  100  parte  of  water  will  dissolve 
between  00  and  67  parts  of  either  salt;  but  at  the  ordinary  tempera- 
ture of  the  air  100  parts  of  water  will  dissolve  30-40  parts  of  chloride 
of  potassium  and  only  6  or  7  parts  of  chlorate  of  potassium.  We  find 
here  the  explanation  of  the  fact  that  chlorate  of  sodium  has  not  re- 
placed chlorate  of  potassium  in  the  arts.  The  chlorate  of  sodium  is 
more  soluble  in  water  at  all  temperatures  than  the  chloride  of  sodium 
is,  while  both  are  exceecUngly  soluble,  so  that  the  two  salts  cannot  be 
separated  by  crystallization.  This  process  of  crystallization  is  the 
chemical  manufacturer's  chief  reliance  in  refining  both  his  materials 
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and  his  products ;  and  the  purchaser  of  ctemicals  finds  his  hest  guaranty 
of  the  purity  of  his  oommodifies  in  the  peculiar  form,  lustre,  color,  and 
degree  of  transpaiencj  which  characterizo  the  crystals  of  cTery  crys- 
tallizahle  and  peimanent  chemical  compound.  Hence  an  easily  crys- 
tallized pernwrnlent  salt,  of  characteristic  appearance,  like  chlorate  of 
potassium,  will  always  have  the  preference  over  one  which,  like  chlo- 
rate of  sodium,  can  be  crystallized  and  purified  only  with  difficulty, 
and  is  not  permanent  when  once  ohtHined.  The  chlorate  of  sodium  is 
delic[uescent. 

The  waste  product  ia  the  making  of  chlorate  of  potassium  by  the 
process  just  described  is  chloride  of  potassium,  a  comparatively  dear 
salt.  An  economy  is  effected  by  substituting  hydrate  of  calcium  for 
hydrate  of  potassium,  and  thus  making  the  secondary  product  chloride 
of  calcium  instead  of  chloride  of  potassium ;  one  equiyalent  only  of  the 
chloride  of  potassium  is  then  required  instead  of  six  of  the  hydrate  of 
potassium.  An  excess  of  chlorine  is  passed  into  a  mixture  of  300  parts 
of  quicklime,  154  pai-ts  of  chloride  of  potassium,  and  100  of  water. 
The  mass  is  heated  by  steam,  stirred  with  agitators,  filtered,  and  then 
evaporated  nearly  to  dryness  by  steam-heat ;  the  mass  is  then  redis- 
solved  in  hot  water  and  set  to  cryBtnllize ; — 

30aO  +  KOI  +  6Cl  =  KOIO,  -|-  SCaClj. 
The  mother-Uquor,  which  contains  all  the  chloride  of  calcium,  may  be 
decomposed  with  sulphate  of  potassium,  in  which  event  a  very  finely 
divided  sulphate  of  calcium,  available  for  "stuffing"  in  the  manufac- 
ture of  paper,  is  precipitated,  and  chloride  of  potassium  is  recovered, 
to  be  again  applied  to  the  production  of  the  chlorate ;  or  the  chloride- 
of-cslcium  solution  may  be  decomposed  with  carbonate  of  sodium,  ia 
order  to  precipitate  a  very  finely  divided  carbonate  of  calcium,  which 
is  largely  employed  by  the  pharmaceutist  and  perfumer.  In  the  latter 
case,  chloride  of  sodium  has  to  be  thrown  away.  The  whole  manu- 
facture is  a  good  example  of  a  technical  chemical  process. 

518.  Chlorate  of  potassium  is  easily  decomposed  by  heat ;  at  a 
moderate  temperature  it  yields  perchlorate  and  chloride  o£  potas- 
Binm  (§  124) ;  but  at  a  red  heat  it  ia  resolved  into  chloride  of 
potassium  and  oxygen  (Exp.  7):— EC10,=KCl-|-30.  Chlorate 
of  potassium  is  so  prompt  an  oxidizing  agent  that  mixtures  of  it 
with  combustible  bodies  often  detonate  violeatly  when  struck  or 
heated  (Esps.  113,  157).  These  combustions  are  dangerous  un- 
less very  small  quantities  be  used.  It  has  been  often  proposed  to 
replace  gunpowder  by  such  mixtures ;  a  mixture  of  the  chlorate 
with  catechu,  or  some  similar  stable  substance  rich  in  tannin,  is 
2p2 
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the  most  promismg  of  these  suggeatioiLa.  Stronp:  acids,  like  sul- 
phurie,  nitric,  and  ctJorbydric  acids,  decompose  chlorate  of  potas- 
sium with  evolution  of  oxides  of  chlorine,  or  of  chlorine  and  oxy- 
gen, Tiie  decomposition  is  often  attended  with  decrepitation,  and 
sometimes  with  a  flashing  light ;  combustibles,  lilce  sulphnr,  phos- 
phorus, sugar,  and  resin,  are  inflamed  by  the  gases  evolved.  A 
mixture  of  chlorate  of  potassium  and  ehlorhydric  aeid  is  used  in 
toxicological  investigations  as  an  oxidizing  agent  for  the  destruc- 
tion of  oi^anie  matter  (§  329).  The  following  formulas  will  eluci- 
date some  of  those  reactions : — 
3KC10,  +  2H^S0,  =  2C10^  -1-  KCIO,  +  2KHS()^  +  H„0 
8KC10,  +  6HN0,  =  GKNO,  +  2KC10^  +  6C1  H-  130  4-  31^0 
4KC10,  +  12HC1  =  4KCI  +  3C10^  -I-  9C1  +  6H^0. 
£tji.  266.— Pour  into  a  conical  test-glass  26-30  c.  c.  of  water,  and 
throw  into  the  water  some  scraps  of  phosphorus,  weighing  together  not 
more  than  0-3  grm.,  and  3-4  grms.  of  crystals  of  chlorate  of  potassium. 
By  means  of  athistJe-tuhe  bring  6  or C  C.  c.  of  strong  sulphuric  acid 
into  immediate  contact  with  tlie  chlorate  at  the  bottom  of  the  glass. 
Then  withdraw  the  thistle-tube.  In  a  moment  the  phosphorus  is 
kindled,  and  burns  with  vivid  ilashes  of  light  beneath  the  water.  An 
evolution  of  chlorine  accompanies  the  reaction. 

Sxp.  257. — Rub  4  or  6  grms.  of  clean  chlorate  of  pofassinnij  free 
from  dust,  to  ft  fine  powder  in  a  porcelain  moi-tar.  In  powdering  chlo- 
rate of  potassium,  care  must  be  taken  that  the  mortar  and  pestle  are 
perfectly  clean,  and  the  saJt  free  from  organic  matter,  and  that  violent 
nercussion  and  heavy  pressure  upon  the  contents  of  the  mortar  be 
wholly  avoided.  Place  the  powdered  chlorate  on  a  piece  of  paper, 
add  an  eqnal  bulk  of  dry  powdered  sugar  to  the  pile,  and,  with  the 
fingers  and  a  piece  of  card,  mis  the  two  materials  thoroughly  together. 
Mixtures  of  chlorate  of  potassium  and  oi^anic  matter  are  liable  to 
explode,  if  strongly  rubbed  or  but  lightly  struck.  Wrap  the  mixture 
in  a  paper  cylinder,  and  place  the  cylinder  on  a  brick  in  a  strong 
draught  of  mr ;  let  fall  upon  the  mixture  a  drop  of  sulphuric  acid  from 
the  end  of  a  gla=3  rod ;  a  very  vivid  combustion  will  ensue,  with  the 
violet-colored  ilame  characteristic  of  potassium. 

Exp.  258.— Mix  together,  on  paper,  with  the  precautions  above  de- 
scribed, 1  grm.  of  black  oxide  of  copper,  1  gnn.  of  sulphur,  and  25 
grms.  of  powdered  chlorate  of  potassium.  Place  the  mixture,  inclosed 
in  a  paper  cyUnder,  on  the  top  of  a  brick,  and  touch  it  with  a  hot 
wire ;  it  will  burn  vividly,  and  with  a  purple  color  which  is  prized  in 


sd  by  Google 


AUUONIUII'S 


CHAPTER  XXV. 


519.  The  hypothetical  metal  ammonium  (ITH,)  ia  a  device  for 
explaining  the  constitution  and  properties  of  one  well-defined 
class  out  of  the  several  classes  of  compounds  into  which  the  gas 
ammonia  entera.  This  class  of  compounds  is  that  which  results 
from  neutralizing  an  aqueous  solution  of  ammonia  with  acids,  as 
in  the  following  reactions  : — ■ 

NH„H,0  +  H^SO.  =  (NHJHSO,  +  H,0. 
8idp}iaie  of  AmmoHmm 
<md  Sydrooen. 

UH„H,0  +  HKO,  =  (SHJSO,  +  H,0. 
H'iti-ale  of  Ammonium. 
According  to  this  hypothesis,  the  cryatalline  salts  whwh  icsult 
from  such  neutrahzations  contain  a  group  of  atoms  (SH^)  which 
is  analogous  in  its  action  to  potassium  and  sodium,  and  which 
forms  sails  analogous  in  composition  to  the  potassium- salts.  Thus 
chloride  of  ammoniimi  (HH^)Cl  is  analogous  to  chloride  of  potas- 
sium KCl;  sulphate  of  ammonium  (NHJ.SO,  ia  analogous  to 
sulphate  of  potassium  K^SO^,  and  so  forth  (§  91). 

All  the  actual  evidence  we  possess  of  the  separate  existence 
and  metallic  character  of  the  group  NH^  is  contained  in  the  fol- 
lowing curious  hut  inconclusive  experiment : — 

Exp.  259. — Pour  8  or  10  c.  c.  of  mercury  into  a  small  flaak,  and 
warm  tte  mercury  over  a  gas-lamp ;  drop  upon  tlie  mercury  six  or 
eight  hits  of  metallic  sodium,  no  one  of  them  lai^er  than  a  temp-seed. 
The  sodium  dissolves  with  some  spattering  in  the  warm  mercury,  a«d 
a  sodium  amal^^am  is  thus  obtained.  Transfer  the  amalgam  to  a  tall 
glass  or  bottle  of  at  least  300  c.  c.  capacity,  and  pour  over  it  a  coucen- 
ti'ated  solution  of  chloriJe  of  ammonium.  The  amalgam  immediately 
begins  to  swell  up,  and  ultimately  increases  to  8  or  10  times  its  original 
bulk,  in  the  cold,  or  to  20  or  SO  times  if  the  solution  be  hot,  aaauming 
B  pasty  consistency  like  that  of  soft  butter,  but  preserving  its  metallic 
lustre.  It  begins  to  undergo  spontaneous  decomposition  as  soon  as  it  is 
tbrtnedfOud  if  it  is  placed  in  water,  this  decomposition  is  quite  rapid; 
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hydrogen  gas  is  given  ofi'  in  miirate  tubblea,  and  ammonia  ia  found  in 
the  solution.  This  curious  sulistance  has  been  supposed  to  be  ft  com- 
bination  of  ammonium  (Nil,)  with  mercury;  all  attempts,  ho  wBTer, 
to  isolate  the  ammonium  have  been  unsuccessful.  The  proportion 
of  ammonium  (?)  present  in  the  amalgam  is  extremely  minute,  not- 
withstanding the  great  change  of  buli  and  properties  experienced  by 
the  mercury.  The  amalgam  is  said  to  contain  only  1  part  of  nitrogen 
and  hydr(^en  to  1800  parts  of  mercury. 

520.  Ammonium-salts  are  generally  iaomorphons  with  potas- 
sium-salts. They  have  mostly  a  pungent,  saline  taste  ;  they  ave 
colorless,  like  sodium-  and  potawium -salts,  nnless  the  acids  are 
colored ;  the  carbonates,  and  those  salts  which,  like  the  chloride 
and  iodide,  contain  no  oxygen,  are  volatile  at  a  moderate  heat 
without  decomposition  ;  some  salts  lose  their  ammonia  when 
heated;  if  the  acid  which  neutralized  this  ammonia  is  a  non- 
volatile substance,  like  phosphoric  acid,  it  will  remain  behind  un- 
decomposed ;  others,  like  the  nitrate  (Exp.  34),  yield  simpler 
gases  than  ammonia,  as,  for  example,  nitrogen  or  nitrons  oxide. 
An  aqueous  solution  of  an  ammonium- salt,  when  exposed  to  the 
air  or  evaporated,  generally  loses  ammonia  and  acquires  an  acid 
reaction;  hence  in  crystallizing  an  ammonium- salt,  ammonia- 
water  must  be  occasionally  added  during  evaporation.  All  am- 
monium-salts, whether  solid  or  in  solution,  evolve  ammonia  when 
heated  with  the  hydrates  of  sodium,  potassium,  calcium  and  a 
few  other  metals  (Exp,  48). 

Exp.  260. — "Warm  a  few  centimetres  of  a  solution  of  chloride  of 
ammonium  in  a  test-tube,  add  a  few  drops  of  ft  solulion  of  caustic  soda, 
and  boil  the  liq^nid.  The  gaseous  ammonia  can  be  detected  byits  odor. 
If  in  any  case  the  ammonia  evolved  be  in  so  small  a  quantity  that  its 
characteristic  smell  cannot  be  detected,  it  may  be  recognized  by  its 
property  of  restoring  the  blue  color  to  reddened  litmus-paper  (5  83), 
and  of  forming  white  fumes  by  contact  with  a  rod  moistened  with 
somewhat  dilute  chlorhydric  add  (Exp.  65).  The  reaction  may  be 
formulated  as  follows : — 

NH,C1  -I-  NaHO  =  NaCl  +  NH,  +  H^O. 
521.  The  solution  of  ammonia  gas  in  ipator  (WH^JI^O)  may  be 
regarded  as  a  solution  of  hydrate  of  ammonium  (UH  JHO,  com- 
parable with  the  solution  of  caustic  soda,  KaEO,  or  caustic  potash , 
KHO.     This  solution  produces,  indeed,  many  of  the  effects  whti;li 
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the  solutions  of  the  caustic  alkalies  produce .:  it  neutializes  acids, 
displaces  the  oxides  of  many  motals  from  solutions  of  their  salts, 
and  combines  with  fata  to  form  a  soap ;  it  is,  in  short,  a  powerful 

Exp.  2C1.— Dissolve  a  small  crystal  of  alum  in  6-8  c.  c.  of  water  in 
a  test-tube,  and  add  aramonia-water  until  the  solution,  after  being 
well  shaken,  smells  strongly  of  aminonia.  A  gelatinous  precipitate  of 
the  hydrate  of  aluminum  will  appear  iu  the  liquid. 

Exp.  292. — Dissolve  about  1  grm.  of  sulphate  of  zinc  in  6-8  c.  c.  of 
water  in  a  test-tuiie  ;  add  4  or  5  drops  of  ammonia-water,  and  shake 
up  the  contents  of  the  tube.  A  white,  translucent  precipitate  of  the 
hydrate  of  zinc  will  appear.  Pour  into  the  turbid  liquid  in  the  tube 
3  or  4  c.  c.  more  of  ammonia-water ;  tbe  precipitate  will  redissolve 
and  the  liqnid  again  become  cisai-.  The  ■/.van  ia  at  first  displaced  from 
its  position  in  the  sulphate  by  the  group  (NH,) ;  but  the  hydiafa  of 
zinc  thus  precipitated  is  soluble  ia  an  excess  of  ammonia-water.  The 
hydrate  of  ammonium  behaves  in  this  way  with  not  a  few  salts  of 
metals. 

Ammonium-salts  are  very  numerous ;  but  only  the  few  which 
are  of  present  importance  in  the  useful  arts  wUl  be  here  de- 
aoribed. 

622.  Ghhride  of  Ammonium  (NH,C1).— This  salt,  commonly 
called  sal-ammoniac,  is  found  native  in  many  Tolcanic  regions. 
When  nitrogenized  animal  matter  and  chloride  of  sodium  are 
distilled  together,  this  salt  sublimes  from  the  mixture ;  the  com- 
mercial supply  of  the  salt  was  formerly  obtained  from  the  soot 
resulting  from  the  incomplete  combustion  of  camel's  dung. 

The  raw  material  whence  anunonium-sftlts  are  now  manufectured 
Is  derived  from  gasworks  and  bonehlack- factories.  Coal  and  bones 
contain  a  portion  of  nitrogen,  wfiich,  during  the  process  of  distillation, 
is  partially  converted  into  ammonia  (§  92) ;  this  ammonia  combines 
with  the  carbonic  acid  and  sulphydric  acid  which  are  likewise  products 
of  the  disfilhttion,  and  these  compounds  are  condensed  into  a  some-, 
what  waieiy  liquor,  contaminated  ^vith  tarry  and  oily  matters,  fi-om 
which  the  ammoninm-salts  are  subsequently  extracted.  The  impure 
carbinate  is  converted  into  chloride  by  the  addition  of  chlorhTdric 
acid,  or  of  the  mother-liquor  irom  saltworks  (a  liquor  containing  the 
chlorides  of  magnesium  and  calcium) ;  on  evaporating  the  clarified 
solution,  crystals  of  sal-ammoniac  are  obtwued,  but  they  are  generally 
too  dirty  for  use.  They  are  partly  freed  from  tariy  matters  by  heating 
them  to  a  temperature  a  little  below  their  suWiming-point,  but  high 
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unougli  to  drive  off  tte  far,  and  aie  then  redipsohed  in  water;  this 
8o!ution,  decolorized  by  being  filtered  through  animal  chai-coal,  is 
reccystallized  ;  these  crystals  are  sometjniea  fiu'ther  piulfied  by  sub- 
limation. 

Chloride  of  ammonium  serves  for  the  preparation  of  ammonia 
(Esp.  48),  and  of  carbonate  of  ammonium.  It  is  somewhat  em- 
ployed in  dyeing,  and  also  in  certain  processes  with  metals,  such 
as  tinning,  soldering,  and  silvering  copper  and  brass,  and  galva- 
nizing (zincing)  iron.  The  sublimed  salt  forma  semitransparent, 
tough,  fibrous  masses ;  it  is  very  soluble  in  water,  and  a  great 
reduction  of  temperature  occurs  durbg  its  solution  ;  hence  it  is 
employed  as  a  refrigerant.  Its  taste  is  sharp  and  acrid.  When 
heated,  it  sublimes  much  below  redness,  without  undergoing 
fusion. 

Exp.  263.— Heat  a  bit  of  sal-ammoniac  on  a  piece  of  porcelain,  and 
observe  the  low  temperature  at  which  the  solid  ia  completely  con- 
verted into  vapor. 

Sep.  264. — Place  a  feaspoonful  of  powdered  chloride  of  ammonium 
in  the  hollow  of  the  band,  and  pour  upon  it  two  or  three  teaspoonfula 
of  water.  The  cold  produced  by  the  solution  of  the  salt  will  be  veiy 
petoeplible. 

523.  Svlpltateof  Amvwnium  ((NHJ^SOJ. — Kthe  ammoniacal 
liquor  from  gasworks  or  animal -charcoal  factories  be  neutralized 
with  sulphuric  acid,  or  if  it  be  decomposed  by  gypsum  (sulphate 
of  calcium),  the  sulphate  of  ammonium  wiU  be  obtained.  In  the 
latter  case,  the  impure  carbonate  of  ammonium  in  the  liquor, 
on  being  filtered  tlirough  powdered  gypsum,  yields  carbonate  of 
calcium  and  sulphate  of  ammonium.  Another  recent  mode  of 
utilizing  the  ammoniacal  liquor  of  gasworks  yields  a  crude  sul- 
phate of  ammonium  ;  the  liquor  is  suffered  to  flow  down  the  coke- 
towers  which  are  now  often  connected  with  sulphuric-acid  cham- 
ber (§  228),  and  there  absorbs  all  the  acid-fumes  which  escape 
from  the  chambers.  A  crude  chloride  of  ammonium  may  be  pre- 
pared in  a  similar  way,  by  substituting  ammoniacal  Uquor  for 
water  in  the  coke-towers  of  sulpbate-of-sodium  furnaces  (§  482). 
The  absorbent  power  of  the  ammoniacal  liquor  ia,  of  course,  much 
greater  than  that  of  water. 

Sulphate  of  ammonium  is  colorless,  and  has  avery bitter  taste; 
it  is  soluble  in  twice  its  weight  of  cold,  and  in  its  own  ii'oight  of 
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boiling  wafer.  Its  cryatalline  form  is  tho  same  aa  that  of  sul- 
phate of  potassium,  and  tlio  commercial  article  looks  very  much 
like  sand,  just  as  tiie  crj'stals  of  sulphate  of  potassium  hayo  a 
BUperiicial  resemblance  to  quarts  crj'stala.  It  forms  a  consider- 
able number  of  double  salts,  which  are  isomorphous  with  the  cor- 
responding salts  of  potassium.  Sulphate  of  ammonium  is  cm- 
plojed  in  the  manufacture  of  ammonium -alum,  aa  an  ingredient 
of  artificial  manures,  and  as  a  source  of  other  ammonium-salts. 

624.  Nitrate  of  Ammonium  ((HHJNOJ.— The  method  of  pre- 
paring this  salt,  and  its  complete  decoraposition  by  hea,t,  have 
beeu  already  described  (Exps.  33,  34,  and  §  Si.).  The  salt  crys- 
tallines in  long  needles  ;  it  has  a  pungent  taste,  is  soluble  iii  less 
than  half  its  weight  of  boiling  water,  and  in  dissolving  produces 
sharp  cold.  Between  230°  and  250°  it  is  decomposed  into  water 
and  nitrous  oxide ;  if  it  be  heated  hotter,  or  too  rapidly,  ammonia, 
nitric  oxide,  and  nitrite  of  ammonium  (NHj)NOj  are  also  fonoed. 
Nitrate  of  ammonium  is  foimed  by  tho  action  of  dilute  nitric  acid 
on  several  metals,  especially  tin. 

625.  Carbonates  of  Amtmniwm. — Commercial  carbonate  of  am- 
monium (sal- volatile)  is  a  white,  semitransparont,  fibrous  sub- 
stance, with  a  pungent  taste  and  a  strong  am.moniacal  smell ;  it 
is  prepared,  on  a  large  scale,  by  the  dry  distillation  of  bones, 
horn,  and  other  animal  matters.  The  product  is  purified  from 
empyreumatic  substances  by  repeated  sublimation. 

jErp.  265, — Mix  thoroughly  together  10  grms.  of  cliloride  of  ammo- 
nium and  30  grms.  of  powdered  chalk  j  heat  the  mixtme  in  a  small 
evaporaling-dish  placed  upon  a  stmd-bath.  "When  white  vapors  begin 
to  rife  fiom  the  hot  mass,  pince  a^side-mouthed  bottle  over  the  fuming 
mixtwe.  The  white  sublimate  which  collects  in  the  bottle  ie  a  car- 
bonate of  ammonium ;  chloride  of  calcium  remains  in  the  dish. 


This  experiment  illustrates  a  second,  and  very  common,  method' 
of  preparing  the  commercial  carbonate,  which  simply  consists  in 
heating  to  redness  a  mixture  of  1  part  of  chloride,  or  sulphate,  of 
ammonium  and  2  parts  of  carbonate  of  calcium.  When  this 
commercial  carbonate  is  dissolved  in  strong  ammonia-water  at 
about  30°,  a  solution  is  obtained  which  yields  large,  transparent, 
prismatic  crystals.  These  crystals,  however,  have  no  stability; 
they  are  rapidly  decomposed  in  the  air,  giving  otf  water  and 
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ammonia.  "  Sosquicarbonate  of  ammonia  "  is  tho  name  generally 
applied  to  this  substance — a  name  deduced  from  the  dualistic 
formula  2(NH,)jO,  3C0j.  The  commercial  carbonate  approxi- 
mates to  the  composition  represeate<l  by  this  formula ;  but  it  is 
an  impure  produet,  and,  when  exposed  to  the  air,  changes  gra- 
dually into  a  more  stable  compound,  the  carbonate  of  ammonium 
and  hydrogen,  or  "  bicarbonate  "  (NHJHCO,. 

Thia  b  arbon  to  may  be  ohta  ed  by  tu  it  ng  the  s  lution  of 
ramon  a  or  tesqu  carbonate  of  imn  on  n  vith  a  honic  acid ; 
1 1  rms  large  tran  parent  pnsmat  c  c  yst  Is  "Wh  n  exposed  to 
the  arr  t  slowly  vohtihzes  giv  ng  off  a,  shgl  t  an  non  acal  odor. 
At  the  ord  arv  tcmperat  re  t  is  sol  Ue  n  8  parts  of  water; 
tl  IS  sol  t  on  f  heate  1  abo  e  36  evolTes  c  hon  c  ac  1.  Even 
at  the  0  diiary  ttmj  rahire  the  sol  ton  grad  Uy  becomes 
ammo    aeal  on  kee]  Wb  te  crystall  nc  m'^  ses    f  this  bicar- 

bonate have  been  fouid  n  g  ano  lepo  ts  It  een  s  to  be  the 
mo  t  stable  of  the  c    bonates  ut  amn  onium    for  th     th  bo 

to    change  mto  it  it  left  to  themselves 

526    "S  1}}  ds  of  in     on    n  —At  a  tempe    tu        f  —18 
two  volumes  of  ammon  a  gas    on  b  ne  w  th  on       lume    f    ul 
jh  dne  ac  d  ^as  to  t  rm  a     rj  tall  ne    instabl      ub  t-m         f 
trong  alkabn    react  on  wh   h  corresponl    m      mp     ti  n      th 
the  sulphides  Na^8  and  K^S. 

2NH,  +  H,S  =  (KHJ^S. 
Exp.  266.— Pass  a  slow  sticam  of  waited  siilphydric  acid  through 
100  c.  c.  of  strong  ammonia-water,  until  the  solution  has  a  predomi- 
nating and  persistent  odor  of  sulphuretted  hydrogen.  This  solution  is 
at  first  colorless,  and  contains  a  sulphide  of  ammonium  and  hydrogen 
{NH,)HS ;  hut  when  kept  in  contact  with  air  it  becomes  yellow, 
owing  to  the  formation  of  a  higher  sulphide  of  ammonium.  The  solu- 
tion has  the  property  of  dissolving  many  of  the  sulphides  of  the  metals, 
hy  formmg  with  them  double  sulphides,  and  is  a  very  useful  reagent 
in  the  antdytical  laboratory. 

The  higher  sulphides  of  ammonium  are  obscure  bodies,  to 
which  the  following  formuhe  have  been  assigned, — (ITH^),Sj, 
(NHJjSj,  (NHJA'  (J^H,),a,,  (NHJ,S,.  "With  the  exception  of 
the  last,  the  septisulphide,  all  these  sulphides  are  soluble  in 
water.     With  the  same  exception,  they  correspond  with  the  sul- 
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phides  of  sodium  and  potassium.  They  are  in  general  miBtable ; 
the  most  permanent  is  the  septisulphide,  which  forms  ruhy-rcd 
crystals,  capable  of  resisting  temperatures  below  300°,  and  only 
slowly  decomposable  by  water  and  chlorhjdtic  acid. 


CHAPTER    XXVL 


52  Lith  m(Li)— Ihia  rare  mrtal  occirs  s  a  constituent 
of  not  a  lev  min  rai  especially  nicas  and  feldsjai  but  does 
not  form  a  laige  percentage  oi  any  of  them  The  i  inerah,  lepi 
dohte  tnj  hylhne  and  [  et-dite  usually  eontdin  tiom  3  5  to  5  per 
cent  ot  lithium  and  are  the  ihiet  souii-es  ot  the  element  In 
mucli  smjUer  pzoj  rtion  t  has  been  le  ogmzcd  in  sea  w^ter 
ni  eral  Wdters  and  alu  oit  all  spting  wateis  in  milk  tobacco 
a  1  hunan  blood  It  is  therefore  a  widely  dlfiu^.ed  but  not 
abundant  substance  The  metal  which  is  obtained  by  deeom 
posing  the  fused  chloride  ly  tlie  galvanic  cuirent  has  the  coloi 
and  lustre  ot  s  Iyer  on  afieshly  ut  "iurf  ce  butqiiiUily  tail  ishea 
on  exposure  to  the  air.  It  is  harder  and  less  fusible  tJian  sodium 
and  potassium,  but  softer  than  lead;  it  may  be  welded,  by  pres- 
sure, at  ordinary  temperatures.  It  floats  on  naphtha,  and  is  the 
lightest  of  all  known  solids  which  include  no  air,  its  specific 
gravity  being  only  0'59.  The  atomic  weight  of  the  element  is 
also  low,  namely  7. 

In  its  chemical  relations,  lithium  closely  resembles  sodium  and 
potassium,  but  is  somewhat  less  energetic;  it  combines  with  the 
Bame  elements  to  form  analogous  compounds  to  those  of  sodium 
and  potassium ;  hut  the  properties  of  these  compounds,  while  prt- 
seoting  a  striking  general  resemblance  to  those  of  the  sodium  and 
potassium  compounds,  nevertheless  offer  some  special  points  of 
divergence  from  them.     Thus,  the  hydrate  of  lithium  (LiHO) 
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has  tta  Bamo  taste,  causticity,  and  aikaliDity  as  the  hjdratea  of 
sodium  and  potassium,  hut  is  much  lees  soluble  in  water.  The 
fused  hydrate  attacks  platinum  more  energetically  than  caustic 
Boda  and  potash  do.  The  carbonate  and  phosphate  of  lithium  are 
rather  sparingly  soluble  in  water,  while  the  corresponding  sodium 
and  pota^ium-salta  are  exceedingly  soluble.  The  chloride  of 
lithium  (LiCl),  produced  when  lithium  burns  in  chlorine,  or 
when  the  hydrate  or  carbonate  of  lithium  is  dissolved  in  chlor- 
hydrie  acid,  crystallizes  in  cubes,  and  has  the  taste  of  common 
salt ;  hut  it  is  more  volatile  than  the  chloride  of  potassium,  and  it 
deEquesces  faster  than  any  other  known  salt,  whereas  the  chlo- 
rides of  sodium  and  potassium  are  almost  permanent  when  pure. 
All  the  volatile  lithium -compounds  color  a  gas-,  alcohol-,  or  blow- 
pipe-flame carmine-red.  The  most  delicate  reaction  for  the  de- 
tectiou  of  lithium,  the  test  which  has  revealed  its  esistcuce  in  a 
great  variety  of  substances  which  were  never  imagined  to  con- 
tain t  athepesence  foneb  ght  1  eofapc  1  ar  ed  n  the 
epectr  m  seen  on  1  1  ng  through  a  gliss  pr  m  at  a  flame 
colored  v  th  a  lith  um  compound 

528  S^e  t  w  A  ly  i.  — Wo  have  had  occa  on  to  observe 
that  CO  ta  n  chemi  al  s  bstan  es  hke  bor  c  c  ac  d  and  salts  of 
sod  um  p  tass  m  anl  hthium  mpart  p  cul  ar  olors  to  the 
bio  vp  pc  flame    oi  to  any  othe     hot  and  cob  1  as  flan  If 

these  ol  red  flames  a  e  looked  at  thro  gh  a  p  i  m  am  v 
pea  1  of  the  colo  cd  1  ght  te  g  d  re  t  d  th  u^h  a  si  t  upo 
the  pnsm  it  will  be  seen  that  ca  h  liflere  t  flame  [rod  c  s  a 
jcculiar  J  tn-n  o  s  st  ng  of  oue  or  more  distu  et  bnght  1  nes 
of  c  lo  ed  h-^ht  anl  hear  n"  no  re  emblauce  to  the  cont  n  lo  s 
ba.nJ  f  rainb  w  col  rs  h  oh  con  t  tutes  the  mmo  spectrum 
p  odu  ed  by  a  pe  c  1  fron  any  sour  c  of  white  light  Thus  the 
speet  -um  of  tl  e  y  llow  sod  um  flan  e  on  lafs  of  a  8  ngle  hr  ght 
yellow  line;  the  purplu  potassium -flame  gives  a  spectrum  con- 
taining two  bright  hues,  one  lying  at  the  esti-eme  red  and  the 
other  at  the  extreme  violet  end,  and  a  second,  fainter  red  line ; 
while  ihe  lithium  spectrum  consists  of  a  very  characteristio  red 
line  and  a  fainter  orange  line. 

These  peculiar  lines  which  characterize  the  Bpectnim  of  any 
element  are  invariably  produced  by  that  element,  and  ntver  hy 
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any  other  Bnbstance,  and  not  only  the  color  and  Dumber  of  lines, 
but  their  position  in  the  noi-mal  ajfectmin  always  remains  unaltered. 
When  the  spectrum  of  a  flame  colored  with  a  mixture  of  sodium 
and  potassium  salts  is  examined,  the  yellow  line  of  sodium  ia 
seen  in  its  place,  and  the  red  and  purple  lines  of  potassium  are 
as  visible  in  their  respective  positions  as  if  no  sodium  had  been 
The  example  illustrates  ono  great  advantage  which 
e  of  the  prism  gives,^tlie  unaided  eye  cannot  distinguish 
the  potassium  color  in  the  presence  of  the  intense  sodium- 
yellow,  the  brighter  color  hiding  the  paler ;  but  with  the  prism 
it  is  easy  to  detect  each  of  several  ingredieafcs  of  a  mixture  by 
the  appearance  of  its  characteristic  lines.  Now,  evei^  elemen- 
tary substance,  whether  metaUic  or  non-mctaUic,  solid,  liquid,  or 
gaseous,  when  heated  to  the  point  at  which  its  vapor  becomea 
luminous,  emits  a  peculiar  light  produced  by  it  alone,  and  the 
bright  lines  of  the  spectrum  of  this  light  are  characteristic  of  this 
element  in  number,  color,  and  position.  Maay  metals  require 
a  much  higher  temperature  than  that  of  the  common  gas-fiame 
to  convert  them  into  luminous  vapors;  but  by  the  use  of  the 
electric  lamp  all  the  metals,  even  gold,  silver,  and  platinum,  may 
be  made  to  yield  peculiar  spectra.  The  permanent  gases  also 
^ve  characteristic  spectra  when  they  are  heated  by  the  passage 
of  the  electric  spark ;  the  spectrum  of  hydrogen,  for  example, 
consists  of  one  red,  one  green,  and  one  blue  line. 

A  new  method  of  analysis,  of  extreme  delicacy,  is  based  upon 
these  facts.  Spectrum  analysis  is  competent  to  detect  the 
7TaaAau»i>  °^  "  grooime  of  sodium,  or  the  -j^^Ij^t^  of  a 
gramme  of  lithium,  and  many  other  elements  in  incredibly  small 
proportions.  So  extreme  is  the  delicacy  of  the  method  that  it 
brings  info  plain  sight  minute  quantities  which  altogether  escape 
the  coarser  process  of  analysis,  and  reveals,  as  substances  com- 
mon in  familiar  things,  elements  which  were  long  supposed  to  he 
of  extreme  rarity.  Thus  the  presence  of  lithium,  formerly  con- 
sidered a  rare  element  peculiar  to  a  few  obscure  minerals,  has 
been  demonstrated  by  spectrum  analysis  in  many  drinking- waters, 
in  tea,  tobacco,  milk,  and  blood.  A  still  more  striking  illustra- 
tion of  the  value  of  spectrum  analysis  is  to  be  found  in  the  dis- 
covery of  four  new  elementary  bodies  by  its  means. 
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529  Two  niv,  elements  whicb.  closely  resemble  eodimu  and 
potassium,  mcl  ire  m  nature  jssocidted  with  thpse  all.  ili-mttala 
have  been  found  in  certain  mineril  wat«ii,  and  in  the  mineiil 
lepid^hte  Ono  of  these  elements  gnea  a  spectrum  contammg, 
among  others  of  less  maik,  a  supeih,  double,  red  Irec,  and  has 
thence  been  called  Suhuhum  the  other  prodm  es  i  spectrum 
oharaLterized  by  two  beautiful  bltie  lines,  and  has  thence  been 
called  Ctfuim  These  two  new  metals  resemble  potassium  so 
closely  in  ill  their  chemical  pioperties,  that  it  would  have  been 
nearly  impossible  to  detect  them  by  the  common  analytical  pro- 
cesses ;  yet  their  spectra  are  in  the  highest  degree  characteristic, 
exhibiting  bright  bands  which  exist  neither  in  the  potassium 
spectrum  nor  in  any  other  known  spectrum.  The  recently  dis- 
covered metal  Thallium  was  discovered  and  traced  to  its  source 
in  certain  kinds  of  pyrites  by  observing  a  splendid  green  line 
which  did  not  belong  to  any  known  substance.  The  new  metal 
Indium  was  also  detected,  traced  to  its  source  in  certain  zinc 
ores,  and  successfiilly  isolated,  by  the  help  of  a  dark-blue  line 
which  had  not  been  previously  observed. 

Tiie  methods  and  processes  of  spectrum  analysis  are  not  appli- 
cable to  colored  artificial  lights  alone ;  they  have  been  applied 
with  encouTiiging  success  to  the  lights  of  various  quality  which 
emanate  from  the  sun,  the  stars,  and  the  nebuhe ;  but  the  details 
of  these  observations  belong  rather  to  physics  than  to  c! 

530.  Rubidium  and  Oasium  (Kb  and  Cs). — These  two  e 
are  always  found  together,  and  in  association  with  potassium. 
Though  extensively  diffused,  they  generally  occur  in  very  minute 
quantities.  E.ubidium  seems  to  be  rather  the  most  abundant. 
Ten  kilogrammes  of  the  mineral  water  in  which  these  metals 
were  first  discovered  yield  not  quite  two  tnilligrammes  of  chloride 
of  caesium,  and  about  two  and  a  htilf  milligrammes  of  chloride  of 
rubidium.  Since  the  original  discovery  of  the  elements,  they 
have  been  found  in  many  other  springs,  in  several  Mads  of  mica 
and  in  other  silicates,  and  in  the  ashes  of  beet-root,  tobacco,  coifee, 
and  grapes.  To  separate  the  metals  from  potassium  the  analyst 
relies  on  the  greater  insolubility  of  the  double  chlorides  which 
they  form  with  platinum ;  if  a  mixture  of  the  chlorides  of  potas- 
sium, rubidium,  and  osesium  be  completely  precipitated  by  chlo- 
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ride  of  platinum,  and  the  yellow  precipitate  be  repeatedly  treated 
wit5i  boiling  water,  the  insoluble  residue  will  contain  the  new 
metals.  The  cjesium  is  separated  from  the  rubidium  by  eonyert- 
ing  a  mixture  of  their  carbonates  into  their  tartrates,  the  rubi- 
dium into  the  acid,  or  bitartrate,  the  cresium  into  the  neutral 
tartrate,  and  then  exposing  this  mixture  to  very  moist  air.  The 
neutral  tartrate  of  ctesium  deliquesce*,  the  acid  tartrate  of  rubi- 
dium remains  solid,  and  the  two  salts  aie  separated  by  filtration. 
Most  of  the  salts  of  rubidium  and  caesium  are  isomorphous  with 
the  corresponding  potassium-salts.  Their  hydrates,  KbHO  and 
CsHO,  are  caustic  alkalies,  soluble  in  water  and  alcohol.  Their 
carbonates  are  fusible,  deliquescent,  and  strongly  alialine;  the 
nitrates  {EbNO,  and  CsHO,)  and  sulphates  (Efi.SO,  and  Cs^SOJ 
ai-e  anhydrous  crystalline  salts,  soluble  in  water;  the  sulphates 
form  alums  with  sulphate  of  aluminum.  The  chloride  of  csesium, 
CaOl,  is  a  deliquescent  salt,  like  chloride  of  lithium;  the  chloride 
of  rubidium,  BbCl,  is  permanent,  like  the  chlorides  of  sodium  and 
potassium.  The  fused  chlorides  are  easily  decomposed  by  the 
galvanic  current. 

The  metal  rubidium  is  white,  and  has  the  brilliant  lustre  of 
silver,  but  it  rapidly  oxidizes  in  the  air;  ita  specific  gravity  is 
1-52,  and  its  atomic  weight  85-7.  It  may  be  prepared  either  by 
the  electrolysis  of  its  chloride,  or,  like  potassium,  by  the  reduc- 
tion of  its  caibonate  by  ignition  with  carbon  and  chalk. 

The  properties  of  ctesium  have  only  been  studied  in  the  amal- 
gam with  mercury  resulting  from  the  electrolysis  of  its  chloride ; 
the  metal  itseK  has  not  been  isolated.  Its  atomic  weight,  de- 
duced from  the  analysis  of  its  chloride,  is  133.  There  can  be  no 
question  that  the  properties  of  both  rubidium  and  csesium  differ 
from  those  of  sodium  and  potassium  not  in  kind,  but  only  in 
degree.  They  are  therefore  classed  with  sodium  and  potassium 
as  alkali- metals. 

631.  ThalUwm  (Tl).— This  metal  was  discovered,  by  means  of 
spectrum  analysis,  in  Lipari  sulphur  and  in  the  deposit  in  the  fine 
of  a  pyrites -burner— -a  furnace  in  which  iron  pyrites  are  roasted 
for  the  sake  of  the  sulphui-ous  acid  they  yield.  The  element  is 
found  to  occur  in  not  inconsiderable  quantities  in  many  specimens 
of  iron  pyrites,  and  appears  to  take  the  place  of  arsenic,  which  is 
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a  eommon  impnrity  of  this  mineral.  Thallium  presents  the  ex- 
ternal characters  of  lead ;  it  is  heavier  than  lead,  having  a  specific 
gravity  of  11-85,  and  it  ia  so  soft  that  the  thumb-nail  can  iudent 
it;  it  is  veiy  malleable,  and  ductile  enough  to  he  drawn  into 
wire;  it  melts  at  200°  and  volatilizes  at  redness;  its  freshly  cut 
surface  has  a  bluish-white  lustre ;  hnt  it  quickly  tarnishes  and  is 
gradually  oxidized  in  the  air,  bo  that  it  is  best  preserved  under 
water.  Water  ia  not  decomposed  by  it  even  at  100°.  'When 
strongly  heated  in  oxygen,  it  takes  fire  and  bums  with  a  bright 
green  ilame. 

Thallium  dissolves  iu  dilute  acids,  with  evolution  of  hydrogen. 
There  are  several  osides  of  this  metal,  of  which  the  most  impor- 
tant is  the  oxide  Tl^O,  eorrespondiug  in  composition,  and,  to  some 
extent,  in  properties,  with  the  oxide  of  sodium  Na^O.  This  oxide 
is  somewhat  soluble  in  water,  and  yields  a  caustic  alkaline  solu- 
tion, which  absorbs  carbonic  acid  from  the  air,  and  forms  a  well- 
defined  series  of  salts.  The  sulphate,  Tl^SO,,  is  a  soluble  salt, 
which  forms  an  alum  with  sulphate  of  aluminum ;  the  chloride, 
TlCl,  ia  only  slightly  soluble  in  water,  resembling,  in  this  respoct, 
the  chloride  of  lead,  and  being  quite  unlike  the  soluble  chlorides 
of  sodium,  potassium,  rubidium,  and  ciesium.  The  carbonate  of 
thallium  is  a  soluble  salt ;  but  the  sulphide  of  thallium,  Tl^S,  is 
an  insoluble  blai-k  powder,  which  resembles  the  sulphide  of  lead, 
but  is  entirely  unlike  the  sulphides  of  the  alkali-metals.  The 
soluble  salts  of  thallium  are  very  poisonous.  In  general,  the 
properties  of  thallium  are  intermediate  between  those  of  lead  and 
those  of  sodium  and  potassium.  Like  the  alkali -metais,  it  replaces 
hydrogen  atom  for  atom ;  its  atomic  weight  is  204. 


CHAPTER    XXVII. 

B  I  L  T  E  E— T  HE     ALKALI-METAL  S «  riUTIVALENCi:. 

532.  Silver  is  a  widely  diffused  and  quite  abundant  element, 
but  in  its  mode  of  occurrence  it  differs  widely  from  the  alkali- 
metals  which  we  have  just  been  studying.     In  the  first  place,  it 
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frequently  oecnrs  native,  both  pure  and  oUoyed  wjlli  mercury, 
copper,  atid  gold,  —a  mode  of  occurrence  quite  impossible  for  the 
alkali-metal 3,  because  of  tlicir  readiness  to  combine  with  the  ele- 
ments of  air  and  water,  Native  silver  is  found  in  various  forma, 
sometimes  crj-stalli/.cd  in  eiibea  or  octahedrons,  sometime-s  ia 
filaments,  both  coarse  and  fine,  and  sometimes  in  Bhapeless  masses. 
The  metal  more  commonly  occurs  in  combination  with  sulphur, 
mixed  with  sulphides  of  lead,  antimony,  copper,  and  iron.  It  is  , 
from  argentiferous  sulphides  that  the  larger  part  of  the  silver  of 
commerce  is  extracted ;  among  ores  of  this  kind  the  argenti- 
ferous sulphide  of  lead  (galena)  is  the  most  abundant.  Combi- 
nations of  silver  with  selenium,  tellurium,  chlorine,  bromine,  and 
iodine  are  also  to  be  eiinmorated  among  silver- containing  minerals ; 
of  these  the  chloride  (horn-silver)  occurs  in  quantities  lai^e 
enough  to  make  it  valuable  as  pn  ore  of  the  metal.  It  is  notice- 
able that  the  only  elements  whii  h  are  extracted  in  any  quantity 
from  their  chlorides  as  ores  are  sodium,  p  itassium,  and  silver. 
The  chlorides  of  copper,  mercurj-,  and  lead  do,  mdped,  occur  as 
natural  minerals ;  but  as  sources  of  those  metak  they  have  no 
significance.  A  small  proportion  of  silver  exists  in  sea-water 
(about  1  milligramme  in  100  litres),  and  its  presence  has  been 
recognized  in  common  salt,  in  chemical  products  in  the  making 
of  which  salt  is  used,  in  various  sea-weeds,  in  the  ashes  of  land- 
plants,  in  the  ash  of  os-blood,  and  probably  abo  in  coaj.  In  sett- 
water  it  exists,  as  sodium  and  potassium  do,  in  the  form  of  chloride. 
When  silver  is  extracted  from  argentiferous  sulphide  of  lead,  the  ore 
is  first  treated  for  lead,preeiEelyas  it  would  be  if  it  contained  no  silver. 
The  lead,  so  reduced,  contains  all  the  silver  originally  present  in  the 
quantity  of  ove  treated.  The  subsequent  separation  of  the  metallic 
silver  from  the  Cietaliie  lead  depends  upon  the  chemical  properties  of 
lead  rather  than  of  silver,  for  the  silver  remains  unaltered  during  the 
whole  process  ;  this  separation  will  therefore  ha  described  in  the  next 

The  mixed  sulphides  which  conbiin  silver  have  been  tevetotore  ge- 
nerally reduced  by  a  complicated  pjocess  which  depends  ultimately  on 
an  amalgamation  of  the  silver  with  mercury.  The  ore,  after  thorough 
vrashing  and  grinding,  is  mixed  with  a  portion  of  common  salt,  and 
roasted  for  several  hours;  during  this  roasting,  white  fumes  ofarsenious 
and  antimonious  acids  ere,  expelled,,  the  sulphides  of  copper  and  arm 
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are  pHrtially  converted  into  oxides,  chloridna,  aud  sulptatea,  and  cUo- 
ride  of  silver  and  sulphate  of  sodium  are  formed.  The  roasted  product 
ia  then  reduced  to  a  very  fine  powder,  (ind  agitated  in  revolving  casks 
Tvith  water  and  iron  filings,  or  scraps,  to  which  mercury  ia  soon  added. 
This  operation  lasts  ahoiit  20  hours ;  during  if^  the  iron  decomposes  the 
chloride  of  silver,  and  the  mercury  dissolves  the  silver  to  an  amalgam ; 
from  this  amalpim  the  eiccesa  of  meroury  is  first  squeezed  out  through 
leather  or  doth  filters,  and  the  remainder  is  driven  off  by  distillation. 
The  residual  spongy  mass  is  silver,  alloyed  with  a  rai'iable  proportion 
of  copper,  derived  from  the  ore  and  reduced  to  the  metallic  state  by 
the  same  steps  which  have  reduced  the  silver. 

This  process  is  European ;  the  process  of  amalgamation  as  practised 
in  Mexico  and  South  America  is  quite  difi'erent,  and  the  reactions  which 
it  depends  upon  are  somewhat  obscure.  The  ore  is  not  roasted,  but, 
after  bein^  ground  to  powder,  moistened  with  water,  and  mixed  with 
from  1  to  6  per  cent  of  common  sail,  it  is  suffered  to  lie  undisturbed 
for  some  days.  From  J  to  1  per  cent,  of  roasted  copper  pyrites  is  then 
added,  togethei'  with  a  considerable  proportion  of  metallic  mercury, 
and  tho  mass  is  worked  together  and  commingled  by  the  trampling  of 
mules  or  horses.  After  an  interval  of  two  or  three  weeks,  a  second 
dose  of  mercury  is  given,  and  after  a  still  longer  interval  a  third.  By 
this  last  addition,  a  fluid  amalgam  is  obtained,  which  ia  separated  by 
washing  and  filtering,  and  distilled  for  the  recovery  of  a  portion  of  the 
mercury  employed,  and  the  isolation  of  the  silver.  In  this  pocess 
there  is  a  great  waste  of  mercury,  because  much  of  it  is  c5nverted  into 
a  chloride  of  mercury  (calomel)  and  lost  The  recommendations  of 
the  process  are  mainly  these— that  it  requires  no  iuel,  except  for  the 
distillation  of  the  amalgam,  and  that  it  leaves  the  silver  in  a  condition 
of  great  purity.  The  whole  process,  though  far  from  economical  from 
the  point  of  view  of  the  theoretical  chemist,  was  doubtless  a  legitimate 
outgrowth  of  the  conditions  under  which  it  toot  birth. 

Various  processes  have  been  patented  for  the  extraction  of  silver 
without  the  use  of  tho  costly  mercury,  some  of  which  have  been  suc- 
cessfully practised  cm  a  large  scale.  They  depend,  for  the  most  part, 
either  on  the  comparative  stability,  in  the  fire,  of  sulphate  of  silver 
when  once  formed,  as  compared  with  the  sulphates  of  iron  and  copper, 
and  theconsequentpossibihty  of  dissolving  sidphate  of  silver  out  of  the 
roasted  ore,  or  upon  the  fact  that  the  chloride  of  silver,  which  results 
from  the  roasting  of  the  ore  with  chloride  of  sodium,  maybe  dissolved 
in  solutions  of  the  alltaline  chlorides,  and,  indeed,  in  aqueous  solutions 
of  a  great  many  other  soluble  salts,  though  it  is  by  itself  insoluble  in 
mater.     Any.aqueous  solution  containing,  among  other  things,  a  silver- 
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Bait  (whether  in  tte  condition  of  chloride,  sulphate,  or  nitrate  ia  indif- 
ferent) may  be  decomposed  by  digestion  with  metallic  copper ;  the 
ffllver-aalt  will  b«  decomposed,  the  coiTesponding  copper-salt  formed 
mid  dissolved,  and  the  metallic  silver  will  be  precipitated. 

533.  Silver  (Ag). — The  element,  silver,  ia  much  more  familiarly 
tnown  than  any  of  its  compounds  ;  known  from  the  earliest  ages, 
this  metal  has  always  been  pmed  as  much  for  its  beauty  as  for 
its  rarity.  White,  brilliantly  lustrous,  susceptible  of  an  admirable 
polish,  wonderMy  malleable  and  ductile,  the  best  known  eon- 
dnctor  of  heat  and  electricity,  fusible  only  at  a  very  elevated 
temperature  and  permanent  in  the  air,  whether  hot  or  cold,  wet 
or  dry,  it  represents  and  embodies  iu  the  completest  sense  all  that 
is  commonly  understood  by  the  term  metal. 

This  word  metal  cannot  bttlydiltisa  tial 

term,  vaguely  used  becau  \  d  Th 

metals  would  all  he  solid  w  tm         y       dphptem 

fluid ;  they  are  generally  he  vy    b  t  htl     m      dm       d  i  t 
aium  float  upon  water;  th      h  11      p      1       lust       called 

metallic ;  hut  this  lustre  d  t    b       t  n  til        f 

coke  and  graphite,  galena,  m  lyl  d      t        d  m    y  th     mi        Is 
often  exhibit  a  similar  lust       tlymjllh        dtob     pq 
but  gold  may  be  beaten  ot        thastotsmt  h 

light.     While  it  is  not  pcssll    t    d  fi      th    t    m  m  til  w  th 
precision  from  chemical  anj  m       th      fmjhj     alppt 
one  general  chemical  fact  d  tt    t  th 

Wo  have  seen  that  bodies  which  contain  a  largo  proportion  of 
oxygen,  such  as  80,,  P,0„  N^O,,  and  CO^,  have  a  common  ten- 
dency to  unite  with  other  bodies  which  are  alike  in  that  they 
contain  a  much  smaller  proportion  of  oxygen,  such  as  K^O,  Na^O, 
PbO,  and  CaO,  to  form  more  or  less  stable  saline  substances.  The 
first  class  of  bodies,  which  are  usually  rich  in  oxygen,  have  been 
jailed  acids ;  the  second  class,  which  are  usually  poor  in  oxygen, 
have  been  designated  collectively  as  base$.  Now  those  elements 
which  unit«  with  oxygen  to  foim  acids  alone  arc,  as  a  rule,  non- 
metallic,  and  those  elements  which  unite  with  oxygen  to  form 
bases  are,  in  the  chemical  sense  of  the  term,  the  metals ;  but  no 
sharp  line  of  division  between  metallic  and  non-metallic  elements 
oan  bo  established  on  this  principle,  iaasmuch  as  some  elements 
2a2 
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which  possess  the  other  charaoteristica  of  a  metal  form  no  baaio 
osidc,  while  aome  metals,  like  antiraony,  form  oxides  which  in« 
at  one  time  bases  and  at  another  time  acida.  The  metal  arsenic, 
for  example,  forms  no  basic  oxi^e ;  and  we  shall  hereafter  meet 
with  another  illiistration  of  the  same  difficulty  of  classification,  in 
the  element  tungsten. 

Melted  silver  possesses  the  curious  property  of  absorbing  a 
large  volume  of  oxygen  (twenty-two  times  its  hulk),  from  the 
air,  while  it  is  liquid.  This  gas  it  gives  out  agwn  on  solidifying. 
When  a  globule  of  molten  silver  is  cooled  suddenly,  the  film  of 
sohd  metal  which  forme  upon  its  surface  is  burst  open  by  the 
eseapmg  gis,  andthe  liquid  silver  within  is  apt  to  be  projected 
outwards  with  the  gas;  this  phenomenon  is  called  spitting;  it 
often  OLCasions  a  loss  in  silver  assays.  When  heated  on  lime 
beture  the  oxyhydrogen  blowpipe,  silver  gives  off  vapors  which 
become  oxid  zed  if  the  blast  of  gas  contain  an  excess  of  oxygon ; 
a  fine  silver  wire  is  dispersed  in  greenish  vapors  when  a  very 
powerful  electric  discharge 'is  sent  through  it.  Silver  combines 
slowly  with  chlorine,  bromine,  and  iodine,  and  promptly  with 
sulphur  The  tarnishing  of  silver  is  due  to  the  formation  of  a 
thin  film  of  the  black  sulphide  over  the  metallic  surface,  by  com- 
bination between  the  silver  and  the  snlphur  of  the  snlphuretted 
hydi  ngen  which  is  often  present  in  the  air  of  towns  and  houses. 

The  beat  solvent  for  silver  is  nitric  acid  diluted  with  two  or 
three  pirts  of  water ;  nitric  oxide  is  evolved,  and  nitrate  of  silver 
remains  in  solution  :^ 

3Ag  +  4ira0,  =  3AgN0,  +  KO  +  2H,0. 
Chlorhvdric  acid  acts  upon  it  but  slowly ;  for  the  chloiitle  of  silver 
IS  but  slightly  soluble  in  chlorhydrio  acid,  whether  strong  or 
dilute      B  iling  sulphuric  acid  dissolves  silver,  and  foi-ms  the 
sulphate  sulphurous  aeid  being  evolved  during  the  reaction: — 

21g  +  2H,S0,  =  Ag,80.  +  2Kfi  +  SO,. 
Keither  the  alkalies  nor  their  nitrates  have  much  effect  on  silver, 
whether  they  are  in  solution  or  are  fused  by  heat ;  hence  a  silver 
dish  js  used  in  concentrating  the  caustic  alkalies,  and  a  silver 
crucible  for  fusing  refractory  minerals  with  the  hydrate  of  sodium 
or  pctissium.  The  specific  gravity  of  silver  is  10'5,  and  its  atomic 
weight  108 
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534-.  The  physical  and  ctiemical  qualities  of  silver  fit  it  to  serve 
as  a  medium  of  exchange,  and  as  the  material  of  jewellery  and 
plate.  But  as  flie  pure  metal  wouJd  be  rather  too  soft  for  ordi- 
nary use,  it  is  hardened  by  combining  with  it  a  small  proportion 
of  copper.  The  proportion  of  copper  in  the  "  standard  "  silver 
employed  for  coinage  varies  in  different  eountries.  In  the  United 
States  and  in  France  it  is  10  per  cent. ;  in  Great  Uritain  it  is  7'5 
per  cent. ;  in  Germany  it  is  25  per  cent. 

Exfi.  207.— Place  one  or  two  dimes  in  a  small  flask,  and  cover  them 
with  nitric  acid  diluted  witli  two  parts  of  water.  Warm  the  flask 
gently  in  a  place  where  there  is  a  good  draught  of  air ;  the  coins  will 
gradually  dissolve,  with  evolution  of  nitric  oside,  which,  on  contact 
with  the  air,  produces  the  abundant  red  fumes  which  escape  from  the 
flask ;  add  more  nitric  acid,  from  time  to  time,  if  necessaty  to  com- 
plete the  solution.  The  Hue  solution  contains  both  the  silver  and  the 
copper  dissolved  in  nitric  aeid. 

Place  in  the  blue  solution  two  or  three  copper  cents,  aad  leave  the 
flask  at  rest  for  Pome  days  in  a  warm  place.  Then  collect  the  little 
plates  of  pufe  silver,  which  have  separated  fi-om  the  solution,  upon  a 
filter,  and  wash  them,  first  with  watei-,  and  then  with  animooia- water, 
until  the  ammonia-water  no  longer  shows  any  tinge  of  blue.  This 
silver,  washed  finally  with  water  and  dried,  is  well  nigh  pure;  two- 
thii'ds  of  it  may  be  again  dissolved  in  nitric  acid ;  the  solution  will 
contain  pm'e  nitrate  of  silver. 

535.  Nitrate  o/ Si'fcer  (AgNO  J.— This  salt,  as  we  have  already 
seen,  is  obtained  in  solution  by  dissolving  silver  in  nitric  acid. 
When  such  a  solution  is  evaporated  to  the  point  of  crystallization, 
the  nitrate  is  obtained  in  transpareii.t,  anhydrous,  tabular  crystals, 
which  are  soluble  in  their  own  weight  of  cold  water,  and  in  half 
their  weight  of  hot  water.  The  salt  fuses  easily,  and  when  cast 
into  cylindrical  sdcltB  is  used  in  surgery  as  a  caustic,  under  the 
name  of  lunar  eausti'e. 

Nitrate  of  silver,  when  pure,  is  not  altered  by  exposure  to  sun- 
light; but  if  it  be  in  contact  w  th  oigan  c  matter,  light  readily 
decomposes  it,  and  a  black  nsoluble  p  duct  is  formed  of  no 
ordinary  stability.  Hence  the  sol  t  n  of  the  nitrate  stains  the 
skin  black,  and  the  salt  fotn  s  the  basis  of  an  indelible  ink  used 
for  marking  linen  and  other  f  brics 

Sxp.  268. — Dissolve  8  grms  of  crj  stall  ze  1  ca  'bonate  of  sodium  and 
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1  giin.  of  gum-arabic  in  16  c  e.  of  hot  water.  Moisten  a  bit  of  linen 
or  cotton-cloth  with  this  preparatory  solution,  dry  it,  and  press  it 
smooth  with  a  hot  iron. 

Dissolve  1  grm.  of  nitrate  of  silver  and  O'l  gem.  of  gum-arabic  in 
1-75  c  c.  of  water,  previously  colored  with  India-ink. 

Write  with  this  silver  solution  upon  the  prepared  surface  of  cloth, 
and  expose  the  writing  to  the  direct  rays  of  the  sun  for  a  few  hours. 
Then  wash  out  the  gum  and  carbonate  of  sodium  with  water ;  a  verj 
dur.ible  mark,  which  neither  soap  nor  "soda"  will  obliterate,  will 
remain  on  the  cloth. 

Nitrate  of  silver  is  eren  more  completely  decomposed  by  a  red 
heat  than  nitrate  of  potassium,  for  nothing  but  metallic  silver 
remains  behind ;  in  decomposing,  it  gives  up  a  large  quantity  of 
oxygen  ;  hence  mixtures  of  combustibles,  like  sulphur,  phos- 
phorus, and  charcoal,  witli  nitrate  of  silver,  detonate,  explode,  or 
deflagrate  when  struck  sliarply  with  a  hammer  or  touched  with 
a  hotwire.  (Compare  §§515,510.)  Phosphorus,  mercuiy,  char- 
coal, grape-sugar,  certain  essential  oils,  and  many  other  organic 
Bubstajices  reduce  mebmic  silver  from  solutions  o&  nitrate  of 
silver.  Nitrate  of  silver  is  the  material  Irom  which  most  other 
silver  compounds  are  artificially  prepared.  It  is  largely  con- 
sumed in  photography. 

The  precipitation  of  metallic  silver  ia  a  beautiful  arborescent  form 
is  accomplished  as  follows : — Dissolve  2  grms.  of  nitrate  of  silver  in 
60  c.  c.  of  water,  and  place  the  solution  in  a  test-glass ;  pour  2  grms. 
of  mercury  into  the  liquid,  and  let  the  glass  stand  at  rest  for  several 
hours.  The  nitrate  of  silver  may  be  recovered  by  dissolving  the  pre- 
cipitated silver  in  nitric  acid,  aud  evaporating  the  solution. 

To  illustrate  the  decomposition  of  a  silver  solution  by  an  organic 
substance,  dissolve  2  grms.  of  nitrate  of  silver  iu  60  c.  c.  of  water,  and 
immerse  in  the  solution  a  horn  or  ivory  paper-knife,  which  has  been 
cleansed  from  grease  with  ammonia-water  and  rinsed  in  fresh  water. 
Let  the  knife  remain  in  the  solution  about  an  hour ;  it  will  turn  yel- 
low ;  take  it  out,  rinse  it  in  water,  and  espose  it  to  the  direct  rays  of 
the  sun  until  it  turns  jet  black ;  then  burnish  it  with  a  piece  of  leather, 
and  the  silver  will  appear  in  the  metallic  state. 

Exp.  269.— Wrap  a  piece  of  phosphorus,  no  bigger  than  a  pin's 
head,  with  a  small  crystal  of  nitrate  of  silver,  in  a  bit  of  paper;  place 
the  packet  on  an  anvil  and  strike  it  with  a  hammer.  The  explosion 
will  be  sharp.  The  student  will  remember  that  nitrate  of  silver  stains 
tbe  fingers. 
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Erp.  370, — Mia  ]  grm.  of  powdered  nitrate  of  siher  with  0-2  grm. 
of  dry,  powdered  charcoal;  place  the  inisture  on  a  piece  of  porcelain, 
and  touch  it  with  a  red-iot  wire.  The  mixture  deflagiatea,  and  there 
remaius  behind  metallic  silver. 

£xp.  271. — Add  to  a  solution  of  nitrate  of  silver  a  solution  of  caustic 
soda,  until  no  further  precipitate  is  produced.  The  brownish  precipi- 
tate is  a  hjdrated  oxide  of  silver. 

536.  Oxidee  of  Silver. — Silver  probably  forms  three  oxides, 
AgjO,  Ag.jy,  and  Ag^Oj.  The  first  is  a  verj  unstable  black 
powder ;  the  second  forms  with  acids  the  ordinary  silver  salts ; 
the  third  is  a  crystalline  body  obtained  by  electrolysis  of  nitrate 
of  silver.  The  precipitate  obtained  in  tie  last  experiment  ia 
the  hydrate  of  the  oxide  Ag^O ;  this  precipitate  readily  parts 
with  its  water,  and  at  a  temperature  much  below  100°  becomes 
anhydrous.  Unlike  the  oxides  of  sodium  and  potassium,  this 
oxide  of  silver  yields  np  its  oxygen  below  a  red  heat,  and 
metallic  silver  remains — as  may  be  demonstrated  by  heating  the 
product  of  the  last  experimont ;  light  also  reduces  it,  and  hydro- 
gen even  at  100°  has  the  same  effect.  Oxide  of  silver  bears, 
however,  certain  striking  resemblances  to  the  oxides  of  the 
alkali-metals ;  thus  it  is  a  strong  base,  uniting  with  strong  acids 
to  form  salte  which,  are  neutral  to  test-paper,  and  which  are  in 
some  cases  isomorphous  with  the  corresponding  salts  of  sodium. 
The  oxide  ia  slightly  soluble  in  water,  and  the  solution  has  a 
feeble  alkaline  reaction. 

The  oxide  is  freely  soluble  in  ammonia- water,  and  the  solution 
deposits,  on  exposure  to  the  air,  a  black,  micaceous  powder  which 
has  received  the  name  oi  ftdmittating  silver,  because  of  its  explo- 
sive character.  The  same  dangerous  compound  ia  formed  when 
freshly  precipitated  oxide  of  silver  is  digested  for  some  hours  in 
ammonia- water,  and  it  is  also  produced  when  an  ammoniacal 
solution  of  chloride  or  nitrate  of  silver  is  precipitated  with  a 
solution  of  hydrate  of  sodium  or  potassium.  It  is  necessary  ffl 
be  aware  of  these  facta  in  order  to  avoid  the  lisk  of  producing  by 
accident  this  exceedingly  dangerous  substance.  Its  composition 
is  not  accurately  known.  Friction  or  slight  pressure,  even  under 
wat«r,  may  cause  it  to  explode.  The  student  should  never 
venture  tfl  prepare  this  substance. 
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JErp.  272.— Fill  three  test.-tul)es  one-third  full  of  water,  and  pi.nr 
into  each  n  few  dropa  of  a  moderately  etrong  solution  of  nitrate  of 
silver.  Add  to  the  first  test-tube  2  or  3  c.  c.  of  a  solution  of  chloride 
of  sodium,  and  shaie  the  tube  Tiolently ;  a  dense,  wliito,  curdj  preci- 
pitate of  the  cliloride  of  silver  will  be  produced.  Add  to  the  second 
1*st-tube  2  or  3  0.  c  of  ft  solution  of  bromide  of  potassium,  and  shake 
the  tube ;  a  yellowish  precipitate  of  bromide  of  silver  will  be  tliiown 
down.  Add  to  the  third  test-tube  1  or  2  c.  c  of  ft  solution,  of  iodide 
of  potassium,  and  shnke  up  the  liq^uid ;  a  pale-yellow  floccnient  deposit 
of  iodide  of  silver  will  be  formed, 

Witlidraw  iVotii  each  test-tube  a  portion  of  the  precipitate  it  con- 
tsins,  and  try  to  dissolve  each  precipitate  in  moderately  strong  nitric 
acid ;  the  attempt  will  f^,  for  Ihese  silver  salts  are  insoluble  in  nitric 

Withdraw  from  each  test-tube  another  portdon  of  the  precipitate  it 
contiuns,  and  treat  each  precipitate  with  ammonia- water ;  the  chlo- 
ride of  silver  will  dissolve  easily,  the  bromide  less  easily,  the  iodide 
with  ditficulty.  Lastly,  pour  upon  the  renmants  of  the  original  pre- 
cipitates in  the  three  test-tubes  a  modt'rately  strong  solution  of  hy- 
posulphite of  sodium  (S  496)  i  all  three  precipitates  will  immediately 
dissolve. 

£ty.  273. — Precipitate  some  curdy  chloride  of  sUTer  by  adding 
chloride-of-sodi  urn  solution,  or  chlorh  jdric  acid,  to  a  solufion  of  nitrate 
of  silver,  so  long  as  any  precipilate  is  produced.  Throw  the  precipi- 
tate upon  a  niter,  and  wash  it  with  water ;  then  open  the  filter,  spread 
the  chloride  evenly  over  it,  and  place  it  in  direct  sunlight.  The  white 
precipitate  rapidly  changes  to  violet  on  exposure  to  the  sun's  rays,  the 
depth  of  shade  increasing  as  the  action  of  the  light  continues.  Tliis 
coloration  arises  from  a  partial  decomposition  of  the  chloride  of  silver, 
the  change  of  color  hemp;  accompanied  by  a  lost  ot  chlorme.  Upon 
tl  e  ficts  lUustinted  m  this  and  the  precedmg  espt  in  enta  the  miun 
processes  of  pi  otogrtphv  dej  end 

637  Photo  I  a^hi  — The  chemical  ch^ngp«  which  the  salts  of 
silver  un  lergo  wh  n  c-sposcd  to  light  iii  tht,  basis  of  the  ait  of 
photDgraphy — not  becau'se  these  are  the  only  salis  iihic^h  are 
j,ffeLted  bv  1  gtt  but  because  none  art  bo  idvint  gLOua  on  the 
whole  The  e  ire  three  diffe  ent  h  nds  of  photographic  process 
—that  on  silvtr  that  on  glass  and  that  on  paper 

To  produce  a  phDt  ^r  ph  on  sih  i  (a  da^uerreotTpe),  a  highly 
folished  silver  plite  is  exp  sed  in  a  d  rk  b)x  to  the  diluted 
vapor  oi  a  ini\tuie  of  1  romme  and  iodine      A  bronze  yellow  film 
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of  brom-iodide  of  silver  is  thus  produced  upon  the  plate,  whicli, 
at  a  certain  stage,  possesses  a  high  degree  of  sensitiveness  to 
light.  The  plate  is  then  transferred  to  a  eamera,  and  exposed 
at  the  focus  of  the  lena  to  the  light  radiated  from  the  object  to  he 
copied.  After  remaining  a  few  seconds  in  the  camera,  it  is  with- 
drawn, and  immediately  exposed  in  a  warm  box  to  the  vapor  of 
metallic  mercury.  When  the  plate  is  taken  from  the  camera,  the 
film  looks  as  uniform  as  ever  and  n  image  is  visitle  upon  it, 
but  the  exposure  to  mercury  vapor  immediately  brings  out  an 
image.  The  mercury  fixes  itstlfstrong!^  upon  those  parts  which 
have  received  the  light,  while  it  tal  es  no  hold  upon  those  puts 
of  the  film  which  the  light  has  not  dcLomposed  A  strorg  solu- 
tion of  hyposulphite  of  sodium  is  tl  on  poured  o\  ei  the  plate  in 
order  to  dissolve  off  the  undo  omposed  biora  odidt  Tho  h  ghly 
polished  silver,  beneath,  forma  the  shades  ani  the  amilgim  of 
mercury  with  silver  forms  tin.  lights  The  plate  i^  washed,  and 
a  very  dilute  solution  of  chloride  of  gold  in  hyposulphite  of  sodium 
is  poured  over  its  surface  and  gently  warmed.  A  thin  film  of 
gold,  which,  as  it  were,  varnishes  the  picture,  is  thus  deposited 
upon  the  plate ;  another  washing  completes  the  operation.  The 
dagnerreotj'pe  is  the  most  perfect  of  photographs ;  but  the  polish 
of  the  surface  prevents  the  image  from  being  seen  in  all  lights, 
and  the  plate  is  liable  to  be  tarnished  and  ruined  by  sulphuretted 
gases. 

In  order  to  get  a  photograph  upon  glass,  a  transparent  film 
capable  of  holding  the  necessary  silver-salt  must  first  be  attached 
to  tho  glass  plate.  Collodion  (a  solution  of  a  variety  of  gun- 
cotton  in  a  mixture  of  alcohol  and  ether)  is  the  material  of  this 
film.  To  the  collodion  is  added  a  solution  of  an  iodide,  either  of 
potassium,  cadmium,  or  ammonium,  or  a  mixture  of  these ;  tho 
bromides  of  ammonium  and  cadmium,  or  one  of  them,  added 
in  the  proportion  of  one  part  of  the  bromides  to  three  or  four  of 
the  iodides,  render  the  film  more  sensitive  to  yellow  and  red  rays 
— a  point  of  importance  in  cloudy  weather  or  smoky  towns.  The 
collodion  thus  prepared  is  poured  rapidly  over  a  clean  and  dry 
surface  of  plate-gisss ;  the  volatile  solvents  evaporate  rapidly, 
and  as  soon  as  the  film  is  coherent  the  glass  is  plunged  into  a 
bath  of  nitrate  of  silvei  very  slightly  acidified  with  acetic  or  dilute 
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nitric  acid.  This  bath  must  be  in  a  dark  place;  the  plate  re- 
mains in  it  for  several  minutea.  A  yellow  layer  of  iodide  oi 
brom-iodide  of  silver  is  produced  in  the  film,  and  nitrate  of  po- 
tassium, cadmium,  or  ammonium  dissolves  in  the  bath.  The  plate 
is  then  exposed  in  the  camera  for  a  few  seconds.  When  removed 
no  image  is  perceptible ;  but  on  pouring  over  the  film  a  solution  of 
gallic  or  pyrogallic  acid  in  alcohol  and  acotic  acid,  or  a  solution 
of  the  green  sulphate  of  iron,  mixed  with  a  few  drops  of  a  weak 
solution  of  nitrate  of  silver,  the  image  will  be  developed,  slowly  or 
rapidly,  according  to  the  nature  and  strength  of  the  developing- 
liquid,  the  degree  of  esposure,  and  the  intensity  of  the  light.  The 
illuminated  portions  of  the  picture  will  appear,  under  the  actioo 
of  the  developer,  more  or  less  blaci,  while  the  shaded  portions 
will  retain  the  yellow  colour  of  the  iodide.  As  soon  as  the  de- 
tails of  the  shaded  portions  appear,  the  liquid  is  washed  off  and  the 
development  arrested.  A  saturated  solution  of  hyposulphite  of 
sodium  is  then  poured  over  the  Aim  to  dissolve  off  the  yellow  io- 
dide of  silver  where  it  h;is  not  been  affected  by  the  light ;  only 
the  reduced  portions  of  silver  remain,  and  they  appear  more  or  less 
opaque.  The  plate  must  finally  be  very  thoroughly  washed  to 
remove  aJl  traces  of  the  hyposulphite,  and  then  dried  and  var- 
nished on  the  collodion  side  to  protect  the  film  from  injury. 

Concerning  the  nature  of  the  change  which  a  film  of  iodide  of 
silver  undergoes  when  exposed  to  light,  we  cannot  be  said  to  have 
any  exact  knowledge.  There  is  no  perceptible  alteration  in  the 
film  ;  there  is  no  loss  of  iodine ;  the  iodide  retains  its  solubility 
in  hyposulphite  of  sodium ;  yet  the  impressiou  ia  not  of  a  tempo- 
rary kind ;  for  the  invisible  image  produced  on  a  plate  may  be 
developed  many  hours  afterwards,  if  the  plate  is  kept  in  the  dark 
during  the  interval. 

The  photograph  on  collodion  may  be  employed  directly  as  a 
positive  picture,  if  not  too  strongly  developed,  by  placing  it  on  a 
black  background.  Those  portions  which  are  opaque  to  light,  or 
in  other  words  those  in  which  silver  is  deposited,  will  reflect  light, 
and  furnish  the  lights  of  the  picture;  while  those  on  which  the 
light  did  not  act,  and  which  are  therefore  transparent,  will  appear 
black  from  the  nature  of  the  background,  and  these  will  form  the 
shades  of  the  picture.     In  the  daguerreotype  the  finished  picture 
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isiiiTerted;  in  the  collodion  positive  it  is  not  inverted.  If  the 
development  be  pushed  further,  the  image  becomes  so  strongly  de- 
fined that  the  deposited  silver  will  more  or  less  comjiletely  inter- 
cept the  light.  The  collodion  side  of  the  plate  is  then  placed  in 
contact  with  the  srasitive  side  of  paper  impregnated  with  chloride 
of  silver  by  a  process  immediately  to  be  described,  and  exposed 
to  light  in  a  pressure-frame.  The  light  is  arrested  by  the  altered 
parts  of  the  collodion,  but  is  freely  transmitted  by  the  other  por- 
tions ;  upon  the  paper,  therefore,  the  lights  of  the  real  object  are 
light  and  the  shades  are  dark.  Such  a  negative  collodion  picture 
may  of  course  he  ccpied  du  a  second  sensitive  collodion  him 

Two  dev  loping  solutions,  used  one  after  the  other  produce  a 
bettor  effect  than  one  The  oreen  sulphate  of  iion  may  be  used 
first  -ind  pyrogalhc  acid  w  th  niti  Ue  of  silver  subbequenlly ; 
the  iron  soluti  n  mist  be  ccmplet  ly  washed  off  bef  rt  thetther 
is  added  Ihe  jitture  n  av  eien  be  intensified  bj  pyrogalhc  acid 
after  the  plate  ha^  been  h  ished  in  hyposulphite  of  sodium, 

Photogiapl  B  were  made  on  paper  long  before  the  film  on  glass  came 
into  use ,  b  t  the  paper  pioce^  is  now  chiefly  confined  to  the  printing 
of  positive  impessions  from  collodion  negatives  on  glass.  The  silver- 
ealt  which  is  preferred  for  photographic  psper  is  the  chloride,  with  or 
without  albumen,  but  always  accompanied  with  free  nitrate  of  silver. 
The  paper  is  floated  forfiveminutesona  solution  of  chloride  of  sodium 
or  ammon  urn ;  when  dried,  it  is  floated  in  a  dark  room,  for  five  mi- 
nutes on  ts  salted  surtaee,  in  a  solufion  of  nitrate  of  silver ;  ^^ 
dried  t  fit  for  use.  When  such  paper  is  used  to  obtain  a  positive 
im]  es  o  from  a  collodion  negative,  or  from  a  paper  negative  made 
tran  parent  with  wax  or  a  mixture  of  wax  and  paralfiae,  it  is  exposed 
to  1  gl  f  mder  the  negative  to  be  copied,  until  the  lights  of  the  picture 
are  of  a  pale  lilac  hue.  and  the  shades  of  a  deep  bronze  color.  After 
being  thoroughly  washed, the  paper  is  transferred  to  a  "toning "-bath, 
which  consists  of  a  veiy  dilute  solution  of  bicarbonate  of  sodium,  with 
a  minute  proportion  of  chloride  of  gold.  The  picture  is  liept  in  mo- 
tion while  in  this  bath ;  it  remains  there  until  ita  shades  have  acquired 
a  deep  purple-black  color.  It  is  only  in  those  parts  of  tiie  picture  in 
which  the  wlver  has  been  well  reduced  that  this  toning  efleet  is  pro- 
duced. The  picture  is  again  washed  in  water,  and  soaied  for  fifteen 
minutes  in  a  solution  of  hyposulphite  of  sodium,  in  order  to  remove 
all  the  chloride  of  silver  which  is  contained  in  the  substance  of  the 
paper.     Finally  the  picture  must  be  soaked  for  twenty-four  hours  in 
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water  wliich  is  coiiafantlj  renewed,  in  order  to  wcsii  away  evety  trace 
of  the  compound  hyposulphite  of  aodium  and  ailver.  No  photograph 
will  keep  long,  unless  the  chloride  of  silver  has  been  completely  dis- 
eolved  by  the  hyposulphite,  and  the  compound  hyposulphite  washed 
away  with,  a  thoiDughneas  that  leaves  no  trace  behind.  If  the  first 
condition  is  not  fuliiUei,  diffused  daylight  will  alter  the  picture  ;  ii 
the  second  condition  is  not  complied  with,  yellow  or  hrowa  stains  will 
ultimately  destroy  the  picture. 

As  in  every  other  art  which  embraces  many  details,  and  demands  a 
trained  eye  and  hand,  eminent  skill  in  photography  can,  as  a  rule,  be 
acquired  only  hy  long  practice. 

638.  Chloride  of  Silver  (AgCl).— Native  chloiide  of  silver 
occurs,  sometimes  in  cubical  crystals,  aometim.es  in  compact 
aemitransparent  masses,  which  are  sectile,  and,  from  their  ge- 
ne al  ai  pea  nee  kave  given  the  mineral  the  name  of  horn-silier. 
Chlor  le  of  Iver  may  be  precipitated  from  any  soluble  silver- 
s  It  hy  add  n^,  to  the  silver  solution  chlorhydric  acid,  or  the  solu- 
to    of  any  6ol  He  chloride;  or  it  maybe  obtained  bypassing 

0  e  a  d  J  s  Iver  salt  a  stream  of  dry  chlorine  gas.  This  last  re- 
a  t  o  s  the  1  as  s  of  a  method  of  preparing  anhydrous  nitric  acid. 
When  a  strcan  of  drj'  chlorine  is  made  to  pass  over  perfectly 
dry  n  t  ite  of  silver  heated  to  50°  or  60°,  the  following  reaction 
take   place  — 

Ag  N  0    +  2C1  ■=  2AgCi  +   N,0,  +  0. 

The  chara  tenbt  cs  of  precipitated  chloride  of  silver  have  been 

aire  dy  de&enhed  (Exp.  272).     The  presence  of  an  extraordi- 

nar  ly  minute  [  oportion  of  chloride  of  silver  renders  a  clear 

1  quid  opalescent  It  is  easy  to  detect  silver  in  a  solution  o( 
wl  ch  t  forms  o  ly  the  2^^  psrt,  by  adding  to  the  sblution 
a  drop  of  chlo  hydr  e  acid  or  of  a  soluble  chloride.  An  admira- 
ble metl  od  of  determining  the  amount  of  silver  present  in  any 
Bol  t  on  dep  nds  upon  the  insolubility  of  chloride  of  silver,  the 
density  and  peouhar  curdy  quality  of  the  precipitate,  and  the 
visibility  of  the  smallest  trace  of  it  in  a  clear  fluid.  This  method, 
now  generally  employed  in  mints  and  assay-offices,  is  applicable 
to  the  quantitative  analysis  of  silver  alloys;  it  is  volumetric,  and 
depends  upon  the  measurement  of  the  amount  of  a  standard  so- 
lution of  chloride  of  sodium  which  is  reqiiired  to  effect  the  com- 
plete precipitation,  as  chloride,  of  the  silver  contained  in  a  given 
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weight  of  the  alloy.  In  a  soliitioa  which  is  acidulated  with  nitric 
acid,  and  which  contains  no  excess  of  the  soluble  chlorides,  the 
chloride  of  silver  is  eaaily  coagulated  into  dense  flocks  hy  agita- 
tion ;  so  that  the  exact  point  at  which  the  precipitate  ceases  to  be 
formed  is  readily  perceived. 

Chloride  of  silver  melts  at  ahont  260°.  It  is  not  decomposed 
when  heated  with  oarhon,  but  is  easily  reduced  by  hydrogen 
when  heated  in  a  current  of  the  gas ;  zinc  and  iron  reduce  moist 
chloride  of  silver  to  metallic  silver;  when  heated  with  carbonates  ' 
or  hydrates  of  sodium,  potassiuin,  or  calcium,  chloride  of  silver 
gives  its  chlorine  to  the  other  metal,  and  pure  silver  is  set  free. 

These  methods  of  reducing  chlnridH  of  silver,  eieept  that  by  hydro- 
gen, are  turned  to  Recount  in  the  refining  of  silver  on  a  large  scale. 
The  coin,  or  bullion  to  be  refined  is  dissolved  in  nitric  acid,  and  to 
the  solution  chloride  of  sodium  is  added ;  the  precipitated  chloride  of 
eilvet  is  washed  until  the  washings  are  tasteless,  and  is  then  slightly 
acidnlated  with  sulphuric  acid-  bars  of  zinc  are  placed  in  the  moist 
mass,  and  the  wholp  left  at  re«t  tor  two  oi  tlircc  1  3s  Cbloride  of 
?mc  and  mefftlhc  silver  are  the  products  As  lorn  as  the  reduced 
siher  IS  entiiplv  soluble  m  nitric  acid,  the  reduction  is  complete. 
The  reduced  metal  is  dige'^ttd  for  two  or  tbiee  dais  in  dilute  sul- 
phuric acid,  to  remove  adh"T  ng  zinc  salts  and  is  then  thoroughly 
washed  dned  aid  hniUv  melted  and  en=t  into  ing  t«  If  an  abso- 
lutely puie  metal  is  desired,  the  first  ceduLt  on  should  he  made  with 
pure  zinc,  and  this  refined  silver  may  be  agfl'u  dissolved  in  nitric  acid, 
thrown  down  as  chloride,  and  reduced  agaxu  from  the  washed  chloride 
by  fusion  with  carbonate  of  calcium. 

539.  The  reduction  of  chloride  of  silver  by  hydrogen  is  the 
basis  of  one  of  the  several  determinations  of  the  atoinii:  weight  of 
silver ;  and  since  silver  forms  a  lai^e  number  of  anhydrous  salts 
with  acids,  and  has  little  or  no  tendency  to  form  more  than  one 
salt  with  each  acidj  the  silver-salt  is  often  the  best  one  to  prepare 
and  analyze  whenever  the  combining- weight  of  an  acid  is  to  bo 
detei-mined.  But  it  is  clear  that  the  accuracy  of  these  determi- 
nations depends  upon  the  accuracy  with  which  the  atomic  weight 
of  silver  is  known  ;  hence  extraordinary  pains  have  been  taken 
to  arrive  at  the  true  atomic  weight  of  silver.  It  has  been  found, 
by  the  most  careful  experiment,  by  heating  chloride  of  silver  in 
a  current  of  hydrogen,  that  in  132'856  parts  of  that  compound. 
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100  parts  of  silver  are  Tmited  with  32-856  of  chloi-iiie.  If  tho 
atomic  weight  of  chlorine  be  acoepted  as  35-5,  a  simple  propor* 
tion  leads  to  the  atomic  weight  of  silver. 

32'858  :  35-5  =  100  :  ai  =  108-07. 
Amouni  of  01.  Ai.  Weight  of  CI.  Anil,  of  Ag.  At.  Weii/ht  of  Silver. 
An  entirely  different  experiinent  verifies  this  result ;  by  burn- 
ing finely  divided  silver  in  a  current  of  perfectly  dry  chlorine,  it 
is  proved  that  108  parta  of  silver  combine  with  35-505  of  chlo- 
rine. The  following  round  of  experiment  and  simple  calculation 
will  illustrate  the  manner  in  wliich  one  atomic  weight  is  derived 
from  another,  and  all  are  verified  by  mutual  compaiison.  Chlo- 
rate of  potassium,  when  heated,  gives  off  all  its  oxygen  and 
chloride  of  potassium  remains.  Assuming  that  the  formula  of 
chlorate  of  potassium  is  KCIO^  and  that  the  atomic  weight  of 
osygen  is  16,  we  derive  the  followmg  proportion  from  the  fact  of 
experiment  that  100  parts  of  KCIO,  yield  39-209  parts  of  oxygen. 

39-209       :       48     =       60-791         :       x     =     74-4208. 
Amount  ofO.  30.  Amt.  of  KCl.     Mokeular  Weiyht  of  KOI. 

It  is  another  experimental  fact  that  100  parts  of  chloride  of 
potassium  produce,  when  precipitated  with  nitrate  of  silver, 
192-75  of  chloride  of  silver. 

100      :         192-75     =      74-4208     !     x     =     143-446. 
Atnt.of  KCl.    Amt.of AgCl    M.  Weight  of  KGl.    Molecular  Wi.  AgCl 
But  it  has  been  determined,  as  above  stated,  that  132-856  parts 
of  chloride  of  silver  contained  32-856  parts  of  chlorine,  and 


132-856  :  32-856  =  143-446  !  ar  =  35-476. 
Anit.ofAgC\.  AmtofCl  M.  Weic/fd of  AgCl.  At.  WeigUofUi. 
But  if  the  molecular  weight  of  chloride  of  silver  is  ,  .  143-446 
■we  may  deduct  the  atomic  weight  of  chlorine  .  .  .  35-476 
and  80  obtain  the  atomic  weight  of  silver;  ....  107-970 
and  if  the  molecular  weight  of  chloride  of  potassium  is  74-4208 
we  may  deduct  the  atomic  weight  of  chlorine,  .  .  ,  35-476 
and  so  obtain  the  atomic  weight  of  potassium  .  .  .  38-9448 
These  numbers  will  be  found  to  be  verj'  nearlj'  coincident  with 
those  previously  given  as  the  accepted  atomic  weights  of  these 
three  very  important  elements. 
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540  Bromide  and  Iodide  of  Silver  (A!(15r  and  4gT)  are  two 
rather  rare  minerals,  wauallj  associated  with,  chloudp  ot  silver  or 
with  niti^e  fcilver  Their  aitificnl  preparation  ind  such  of  their 
properti(,s  as  have  present  impjitaiite  hive  hetn  already  alluded 
to  (E\p  272)  They  are  hoth  easil}  tu-sihle  and  insoluble  in 
water,  but  soluble  in  concentrated  solutions  of  the  bromide  and 
iodide  of  pofassium 

541  Cyaimde  of  Silver  (4a:CN)  is  a  wbito  piwder,  insoluble 
in  w  ater  hut  soluble  in  ammonia- watei,  obti  ined  bj  precipitatmg 
nitrate  of  siliei  with  a  soluble  cyanide  like  the  oviiiide  of  potas- 
sium Cyanide  of  silver  is  soluble  in  sclutions  of  the  cyanides  of 
Bodium,  potassium,  calcium,  and  othei  metals,  fonniDg  double 
eyamdea  of  the  foimula  M\gC,N,  When  "Juch  a  solution  is 
subjected  to  the  action  of  a  gilvanie  battery,  motalhc  silver  18 
deposited  at  the  ntgatue  pole,  in  a  compact,  adheient  layir, 
while  at  the  poiitiie  prde,  ivhere  a  stnp  or  plate  of  metiUii, 
silver  IS  phoed  a  quintify  of  the  metal  equal  to  tliat  which  is 
deposited  at  the  negttiie  pole  eoatinuallj  dissolves  A  solution 
which  c<.nt"ins  \  of  its  weight  of  silver  is  found  to  bo  of  con- 
venient stiength  f  jr  the  ordinary  operations  of  electt  o  plating 

642  Sulphide  of  btlve)  (Ag^S)  ■ — This  compound  is  i  pnncipal 
ore  of  silver  The  native  m  neral  is  somet  mes  oiyataLlized,  in 
cubes  or  octihcdions,  and  Bumetimc*  massne  it  has  a  leaden 
lustre  and  color,  and  it  is  so  soft  that  a  Lnite  will  cut  oi  a  die 
impiess  it,  it  IB  fusible  ind  when  roasted  m  the  air  yidJa 
silver  (which  remains  in  the  metallic  state)  and  sulphuiuus  acid 
(the  product  of  the  combination  of  its  sulphur  with  the  oxygen  of 
the  air).  The  pure  mineral  is  very  easily  recognized  by  these 
marked  characteristics.  Silver  is  readily  tarnished  by  contact 
■with  moist  gaseous  sulphydric  acid,  or  with  a  solution  of  a  solu- 
ble sulphide ;  this  tarnish  is  the  sulphide  of  silver  (§  533).  The 
sulphide  may  be  artifloially  prepared  by  transmitting  a  stream  of 
Bulphuretted  hydrogen  through  a  solution  of  a  salt  of  silver. 

:Exp.  274.— Place  in  a  test-glass  8  or  10  c.  c.  of  water  to  which  20 
or  30  drops  of  a  solution  of  nitrate  of  sih-i;i  'lave  been  added,  and  pass 
through  the  dilute  solutiou  a  slow  stream  of  sulphuretted  hydrogen. 
The  black  precipitate  is  tlie  sulphide  of  silver. 

Strong  acids,  especially  when  hot,  dissolve  or  decompose  this 
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sulphide.  It  is  not  soluble  in  eolulions  of  the  sulphides  of  tlie 
alkali-metals ;  but  by  fusion  it  may  be  made  to  unite  with  many 
other  sulphides  of  metals. 

543.  Sulphate  of  Silver  (Ag^SO,).— "When  silver  is  boiled  with 
strong  sulphuric  acid,  the  silver  gradually  dissolves,  and  there  are 
formed  the  sulphate  of  silver,  water,  and  sulphurous  acid : — 

2Ag  +  2H,S0,  =  Ag.SO,  +  ZRfl  +  SO,. 
The  sulphate  is  dissolved  by  the  excess  of  acid,  but  it  is  deposited 
in  great  part  on  the  addition  of  water,  for  it  is  but  slightly 
soluble  in  water.  As  gold  is  not  soluble  in  sulphuric  acid,  small 
quantities  of  gold  may  be  separated  from  large  quantities  of  silver 
or  silver  aUoys  by  boiling  the  metal,  finely  granulated,  in  east- 
iron  vessels  with  oil  of  vitriol ;  silver  and  copper  dissolve,  and  the 
gold  is  left  behind  in  a  fine  powder.  The  solution  of  silver  is 
subsequently  diluted,  and  the  silver  precipitated  from  the  solution 
in  the  metallic  state  by  means  of  metallic  copper.  (Exp.  267.) 
Old  silver  coin,  containing  not  mort.  than  -ri^ij-n-  of  g^ld  has  been 
profitably  worked  over  by  this  process 

544.  The  Alkali  Group — The  metals  which  must  p'lmly  be 
classed  together  under  this  heid  iro  sodium  potaiisium  (Tumo- 
nium,)  lithium,  nibihum,  and  CEesium  Two  other  mctah  are 
better  classed  with  this  group  thin  elsewhere  but  their  hi  inc  s 
to  the  alkali-metals  la  but  partial,  and  m  many  respects  their  pro- 
perties are  quite  unlike  those  of  the  six  metals  just  enumerated ; 
these  two  metals  are  silver  and  thallium.  The  common  proper- 
tics  of  the  alkali-metals  are  mainly  these:— tliey  have  the  lustre 
of  sUver,  are  soft,  easily  fiisible,  and  volatile  at  high  tempera- 
tures: they  unite  greedily  with  oxygen,  and  decompose  water 
with  facility,  forming  basic  hydrates  which  arc  very  caustic  and 
intensely  alkaline  bodies,  not  to  be  decomposed  by  heat ;  thoir 
carbonates,  sulphates,  sulphides,  and  chlorides,  and,  indeed,  the 
vast  majority  of  their  salts,  are  soluble  in  water ;  and  each  metal 
forms  but  one  chloride,  one  bromide,  and  one  iodide ;  they  all 
form  basic  oxides,  and  never  an  acid  oxide ;  they  occur  in  nature 
in  modes  analogous  though  not  the  same ;  their  corresponding 
salts  are  often,  though  not  always,  isomorphous  ;  lastly,  there  is 
a  general,  though  not  absolute,  uniformity  among  the  formulfe  of 
the  compounds  into  which  these  elements  enter,  so  that,  if  a  eom- 
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poaaJ  of  a  givon  compogition  is  proved  to  exist  with  one  of  these 
elements,  the  strong  presumption  is  that  analogous  compounds 
with  all  the  other  elements  of  the  group  exist  likewise,  nith  pro- 
perties similar  though  not  identical. 

Silver  and  thallium  present,  on  the  wholo,  bo  few  points  of 
resemblance  to  the  alkali-metals  that  tiey  would  not  be  compre- 
hended in  the  sitae  gronp  with  them  were  it  not  for  one  consi- 
deration weighty  enough  to  turn  the  balance  when  the  discussion 
of  other  properties  leaves  the  matter  ia  doubt.  Sodium,  potas- 
sium, (ammonium,)  lithium,  caesium,  rubidium,  silver,  and  thallium 
aH  replace  hydrogen,  atom  for  atom.  All  these  elements  are  ex- 
changeable for  hydrogen  and  with  each  other,  atom  for  atom,  and 
in  the  present  state  of  the  science  they  must  be  regarded  as  the  only 
metals  thus  equivalent  to  hydrogen.  The  atom  of  the  elements 
of  the  chlorine  group,  including  fluorine  in  that  designation,  and 
of  the  seven  elements  above  enumerated,  is  exchangeable  for  one 
atom  of  hydrogen ;  it  is  worth  one  in  exchange,  and  these  ele- 
ments ore  therefore  said  to  be  ■univalent,  or,  with  less  verbal  pre- 
cision, fnonatomte. 

545.  Quantivcdence. — The  chemical  elements  have  not  all  the 
same  atom-fixing  power ;  thus,  while  an  atom  of  chlorine  combines 
with  only  one  atom  of  hydrogen,  an  atom  of  oxygen  has  the 
power  to  drag  two  atoms  of  hydrogen  into  a  raoleculo ;  an  atom  of 
nitrogen  holds  three  atoms  of  hydrogen  in  firm  chemical  combi- 
nation, and  an  atom  of  carbon  four  hydrogen- atoms.  In  all  double 
decompositions  an  atom  of  sodium,  potasf-ium,  or  silver  replaces 
one  atom  of  hydrogen,  but  an  atom  of  calcium  or  lead  two  atoms 
of  hydrogen  (§  82).  To  indicate  conveniently  the  atom-fixing 
power  of  each  element  a  sign  is  needed  and  a  name.  The  con- 
ventional sign  is  a  Eoman  numeral,  or  an  equivalent  number 
of  accents,  placed  above  and  at  the  right  of  the  symbol  of  the 
element,  in  case  its  atom  be  worth  more  than  one  of  hydrogen ; 
and  for  the  name  to  denote  this  atom-fixing  power  of  the  elements 
the  word  "  quantivalence  "  may  be  used,  or  the  less  descriptive 
word  "  atomicity."  The  elements  are  caUed  vnivalent,  bivalent, 
trivalent,  aad  quadrivalent,  or  monfifomif,  diatomic,  iriatomic,  and 
tetratomic,  according  as  their  respective  atoms  are  capable  of  satu- 
rating, or  holding  in  firm  chemical  combination,  1,  2,  3,  or  4 
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atoms  of  hj-drogen.  Thus,  while  the  simple  symbols  CI,  Br,  E, 
Ag  indicate  that  chlnrine,  bromine,  potassium,  and  silver  arc 
univalent,  the  symbols  of  nitrogen,  antimony,  and  other  frivalent 
elements  may  he  written  W",  Sb'",  &e.  In  the  same  way  the 
symbols  0"  and  Ca"  indicate  that  oxygen  and  calcium  are  biva- 
lent, and  the  symbol  C""  shows  that  carbon  is  quadrivalent. 

The  qnantivalenee  of  many  of  the  elements  \s  not  yet  deter- 
mined with  certainty;  but  the  classification  into  groups  of  the 
elements  we  have  thus  far  studied  rests  upon  the  quantivalence 
of  the  elements,  aa  well  as  upon  the  other  chemical  resemblances, 
which  have  been  dwelt  upon  in  connexion  with  each  group.  The 
elements  of  the  chlorine-group  and  the  alkah-group  are  univalent; 
the  elemcnta  of  the  sulphur-group  and  the  majority  of  the  metala, 
hereafter  to  be  studied,  are  bivalent ;  the  elements  of  the  nitro- 
gen-group are  trivalent,  and  of  the  carbon-group  quadrivalent. 

It  must  not  be  supposed  that  the  atom-fixing  power  of  the  ele- 
mentary bodies  is,  under  all  circumstances,  and  in  all  compounds, 
invariably  exerted  to  the  fullest  eatent.  Were  the  combination 
of  the  elements  governed  by  any  such  law  as  this,  it  would  evi- 
dently be  impossible  for  any  two  elements  to  unite  m  more  than 
one  proportion.  Thus  trivalent  nitrogen  and  bivalent  oxygen 
could  only  combine  in  the  proportions  represented  by  the  formula 
Kj"'0,",  proportions  which  completely  sitisfy  the  atjm-fixing 
power  of  both  elements.  But  we  knoii  that  these  two  elements 
actually  form  no  less  than  fire  different  compounds  (§§  75,  76), 
of  which  only  one  is  marked  by  the  complete  equihbrium  of  the 
two  elements ;  and  this  one  is  by  no  means  the  most  stable  mem- 
ber of  the  scries  ;  on  tho  contrary,  it  is  about  the  most  unstable. 
The  student  must  not  imagine  that  a  bivalent  element  has  twice 
as  strong  affinities  as  a  univalent  element ;  the  atom-fixing  power 
of  an  element  is  no  test  or  indes  of  the  avidity  with  which  it 
seeks  combination.  Chlorine,  which  holds  but  one  atom  of  hy- 
drogen, is  competent  to  decompose  sulphuretted  hydrogen,  ammo- 
nia, and  marsh-gas,  although  sulphur  unites  by  preference  with 
two,  nitrogen  with  three,  and  carbon  with  four  atoms  of  hydrogen, 
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546.  This  metal  is  a  constituent  of  several  of  the  commonest 
and  most  importajit  minerals ;  it  forms  a  very  considerable  portion 
(perliaps  as  much  as  one- six  teen  tli)  of  the  solid  orast  of  the 
earth.  Before  considering  the  properties  of  the  metal  itself,  let 
us  examine  some  of  its  familiar  compounds. 

547.  Oarioimle  of  Calcium  (OaCO,)  occurs  in  nature  in  many 
different  forms,  called  by  a  great  variety  of  names,  among  which 
may  be  mentioned  limestone,  chalk,  marble,  calo-spar,  and  coral. 
There  are  whole  ranges  of  mountains  composed  almost  entirely 
of  limestone,  -while  in  many  extensive  tracts  of  country  the  soil  is 
calcareous  and  reposea  upon  limestone  rocks.  The  shells  of  shell- 
fish are  almost  entirely  composed  of  it,  and  it  is  an  important 
constituent  of  dolomite,  marl,  and  many  other  rocks  and  minerals. 
It  is  formed  artificially,  as  has  been  seen  (Exp.  168),  when  car- 
bonic acid  is  brought  into  contact  with  lime-water ;  but  it  is 
noteworthy  that  carbonic  acid  will  not  unite  with  the  anhydrous 
oside  of  calcium  (quicklime). 

Carbonate  of  calcium,  though  tasteless,  is  slightly  soluble  in 
water,  and  the  solution  exhibits  a  faint  alkaline  reaction;  it 
is,  however,  rather  freely  soluble  in  water  charged  with  carbonic 
acid  (§  403), 

Hxp.  275.— Place  in  a  test-tube  20  or  30  drops  of  lime-wftter,  And 
Hs  much  pitre  water ;  immerse  in  the  mixture  the  delivery-tube  of  a 
bottle  from  which  carbonic  acid  gas  is  being  evolved  (Exp.  171).  Car- 
bonate of  calcium  will  be  thrown  down  at  first ;  but  after  a  while,  as 
the  water  in  the  test-tube  becomes  saturated  with  carbonic  acid,  the 
precipitated  carboniite  will  redissolve,  and  there  will  be  obtained  a 
perfectly  clear  solution,  which,  in  spite  of  the  large  proporlion  of  csr- 
bonic  acid  contamed  in  it,  has  a  decided  alkaline  reaclion.  By  boiling 
the  solution,  so  that  a  portion  of  its  carbonic  acid  may  be  expelled,  the 
carbonate  of  caliaiun  can  be  again  precipitated.  So,  too,  if  the  liquid 
2n2 
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be  left  exposed  to  the  air,  it  will  gradually  give  off  cavljonic  acid,  and 
become  turbid  from  deposition  of  earbonate  of  caloiiim. 

The  phenomena  illustrated  in  this  experiment  often  occur  in  nature. 
In  many  diafricts  where  tinieafflne  is  abundant,  the  well-  and  river- 
watera  are  highly  charged  with  carbonate  of  calcium  held  diasoTved  by 
carbonic  acid;  the  water  la  thus  made  "hard"(e«e  5  560),  and  ia,  com- 
paratively speaking,  unfit  lor  washing  and  for  many  other  purposes. 
When  employed  as  a  source  of  steam-power,  such  waters  deposit  car- 
bonate of  calcium  as  an  incmstation  upon  the  sides  of  the  boilera  as 
fast  as  the  esceaa  of  carbonic  acid  is  expelled  by  boiling.  This  scale, 
or  incrustation,  forms  a  more  or  less  coherent  coating  upon  the  inner 
surface  of  the  boiler,  and,bein)f  a  very  poor  conductor  of  heat,  it  greatly 
interferes  with  the  heating  of  the  water ;  the  scale  teeps  the  water 
away  from  the  iron  sides  of  the  boiler,  and  the  metal,  being  thus  un- 
duly heated,  is  rapidly  oxidized,  or  "  burnt  out,"  as  the  fireman  cor- 
rectly states  it. 

The  formation  of  calcareona  petrifactions,  of  stalactites  and  stalag- 
mites, of  the  stonea  called  t\ila  and  travertine,  and  of  many  deposits  o! 
crrstaliized  carbonate  of  calcium,  is  directJy  referable  to  the  escape  of 
carbonic  acid  irom  calcareous  waters.  'WieneTer  water,  chained  with 
carbonate  of  calcium,  flows  out  from  the  earth  into  the  open  air,  or 
trickles  into  hollows  or  caverns  within  the  earth,  carbonic  acid  is  given 
ofiin  the  gaseousatate,  and  carbonate  of  calcium  is  deposited.  Stnlac- 
tltea  are  the  pendent  masses,  like  icicles,  which  hang  from  the  roofs  of 
caverns  and  tlie  walls  of  cellars,  bridges,  and  like  covered  ways;  stalag- 
mites are  the  opposite  masses  which  grow  up  out  of  the  drops  of  water 
which  fall  from  the  stalactites  above  them,  before  all  the  dissiilved 
carbonate  has  been  deposited.  The  waters  of  some  mineral  springs 
are  so  highly  charged  with  carbonate  of  calcium,  that,  on  being  exposed 
to  the  air,  they  quickly  deposit  a  considerable  quantity  of  it  upon  any 
solid  substance  with  which  they  come  in  contact.  In  case  such  waters 
flow  over  pieces  of  wood  or  other  oiganic  matter,  the  form  of  the  wood 
will  be  preserved  in  the  cast  or  "petrifaction,"  long  after  the  wood 
itself  has  decayed  and  disappeared.  Where  such  deposits  are  formed 
upon  a  Ecale  so  lai^e  as  to  be  of  geological  importance,  aa  is  the  case 
in  some  of  the  volcanic  districts  of  Italy,  the  rock  formed  is  called  tuih 
when  porous,  and  travertine  if  compact 

548.  Carbonate  of  calcium  dissolves  also  ia  aqueous  solutions 
of  several  of  the  salts  of  ammonium,  such  as  the  chloride,  nitrate, 
and  sulphate,  especially  if  it  has  only  recently  been  precipitated 
and  ia  still  moist  and  incoherent. 

Ecp.  276. — Thi'ongh  2  or  3  c  a  of  lime-water,  contained  in  a  test- 
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tube,  blow,  by  means  ol  a  glass  tube,  a  quantity  of  air  £i'Om  the  luugs ; 
to  the  milky  liquid  obtained,  add,  drop  by  drop,  a  cold,  saturated 
aqueous  Bolution  oi  chloride  of  ammonium,  until  the  cloudiness  in  the 
iime-water  has  disappeai'ed— that  is,  until  the  carbonate  of  calcium 
has  all  been  dissolved. 

Exp.  277. — Place  a  drop  or  two  oi  a  solution  of  chloride  of  calcium 
in  a  teat-tube,  pour  upon  it  several  drops  of  a  strong  solution  of  chlo- 
ride of  ammonium ;  shake  the  mixture,  and  then  add  to  it  a  few  drops 
of  a  solution  of  carbonate  of  ammonium,  and  also  a  few  drops  of  am- 
monia-water. If  enough  chloride  of  ammonium  has  been  added  fo  the 
liquid,  no  precipitate  will  be  formed  in  it,  though,  in  the  absence  of 
chloride  of  ammonium,  a  precipitate  will  at  once  be  produced  on  mix- 
ing the  other  ingredients.  A  precipitate  may,  however,  always  be  ob- 
tained by  boiling  the  mixed  solutions,  unless  a  large  excess  of  chloride 
of  ammonium  be  present,  or  unless  the  chloride -ol- calcium  solution  be 
very  dilute. 

By  repeating  this  experiment  under  varied  conditions,  taking  note, 
in  each  ease,  of  the  number  of  drops  of  the  solutions  of  chloride  of  am- 
monium, chloride  of  calcium,  and  of  water  employed,  and  methodically 
increasing  or  diminishing  each  of  these,  the  student  will  quickly  per- 
ceive the  real  significance  of  the  solvent  power  of  the  ammoniacal  salt, 
and  will  appreciate  the  fact  that,  in  testing  for  small  quantities  of 
either  lime  or  carbonic  acid,  it  is  necessary  ior  the  analyst  to  exclude 
ammonium-salts  from  his  solutions  as  far  as  may  be  practicable. 

When  boiled  with  solutions  oi  the  salts  of  ammonium  (with  cho- 
ride  of  ammonium  for  example),  carbonate  of  calcium  is  rapidly  de- 
composed and  dissolved,  carbonate  of  ammonium  being  given  off,  while 
the  chloride  (or  some  other  salt)  of  oaldnm  remains  in  solution. 

549.  Carbonate  of  calcium  is  remarkable  not  only  for  the  very 
great  diversity  of  external  appearance  which  is  presented  by  its 
several  massive  and  amorphous  varieties,  but  it  is  likewise  found 
in  a  greater  variety  of  regular  crystalline  forms  than  any  other 
substance ;  more  than  150  native  varieties  of  it  have  been  observed 
by  mineralogists.  As  calc-spar,  it  occurs  in  rhombohedrons  and 
other  derivative  forms  of  the  sixth  or  hexagonal  system  (§  191); 
but  it  is  found  also  as  the  mineral  siragonife,  in  forms  of  the 
trimetric  system,  and  is  consequently  dimorphous. 

The  two  forms  of  carbonate  of  calcium,  calc-spar  and  arra- 
gonife,  present  many  differences  in  their  physical  properties. 
Some  specimens  of  calc-spar,  called  Iceland  spar,  are  perfectly 
transparent  and  colorless,  and  exhibit  to  a  remarkable  degree  Uie 
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phenomena  of  (double  refraetioa  Transparent  crystal*  of  irra- 
g  n  t  xl  b  t  al  th  pb  m  n  f  d  utl  et  t  n  b  t  a  a 
g  n  t    ha    tw     a  f  d  ubl        f  a  t    n     al    spa       ily       e 

Cjtl      f  eal    sp      a       1  a    U    la    U  1  t    th    fa    a    f  th 

h  mb  h  ]  n  whi  h  la  the  p  na  y  f  m  ot  the  n  al  and 
m       sft       yftnhehknup      t    mo  e       le     p    t    t 

h  n  b  hed    ns      ■irr  g  n  te  on  th         t  p       nt  t      d 

t  ons    f  d  t  n  t   1  a    g     p    aU  It    the  f  a       of  a     ght    I   mb 
p  Th    f  a  tu      of  tl  e  t      ra       al   a     th      f      qu  t   un 

1 1  e      Th     p     fl    „  a    ty    t      1     1  n„      1    m     7 1         5 

while  the  specific  gravity  of  arragonite  is  generally  between  2-9 
and  3-3.  Arragonite  is  considerably  harder  than  calc-spar,  but 
its  specific  heat  (0-1966)  is  less.  "When  carbonate  of  calcinm 
crystallizes  from  hot  solutions  it  takes  the  form  of  arragonite,  hut 
from  cold  solutions  it  crystallizes  as  oalo-apar.  In  like  maimer 
the  precipitate  formed  by  raising  boiling  solutions  of  chloride  of 
calcium  and  carbonate  of  ammonium  is  seen  under  the  microscope 
to  consist  of  aeicular  crystals  of  arragonite,  while  the  precipitate 
obtained  from  cold  solutions  of  the  same  salts  is  amorphous.  In 
either  case,  however,  if  the  moist  precipitate  be  left  to  itself  for 
some  time  in  the  cold,  it  will  gradually  assume  the  rhombohedral 
form  of  calc-spar,  no  matter  whether  it  was  at  first  aeicular  or 
.BOrpkon.. 

la  all  its  varieties  carbonate  of  calcium  is  readily  attacked  hy 
acids,  oven  if  ttey  he  dilate ;  the  action  is  attended  with  effer- 
vescence, owing  to  the  expulsion  of  carbonic  acid  and  the  escape 
of  this  gas  through  the  liquid  : — 

CaO,CO,  +  2HC1  =  CaCI,  +  CO,  +  H,0. 
Limestone  is  readily  distinguished  by  this  reaction  from  other 

550.  Oxide  of  Calcium  (CaO). — On  being  heated,  carbonate  of 
caldum  begins  to  give  off  carbonic  acid  at  a  low  red  heat,  as  has 
been  seen  in  Exp.  170,  and  at  full  redness  is  completely  resolved 
into  oxide  of  calcium,  commonly  called  quicklime,  and  carbonic 
acid. 

Exp.  278. — Place  a  small  fragment  of  marble  upon  a  piece  o£  char- 
coal and  heat  it  strongly  in  tho  blowpipe-ilame  during  several  minutes. 
Oc  throw  a  lump  of  limestone  upon  an  anthracite  £re,  and  leave  it  tliere 
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far  half  an  hour  oi:  more.  la  either  case,  it  will  be  fontrd,  npon  exa- 
minatioD,  that  the  ealciaBd  product  has  lost  the  property  of  eireires- 
cing  with  acidj;  '.hat  it  wtig'hs  less  than  the  original  umeslone,  and 
that  it  exliibits  a  distiii!:t  alkaline  reactioa  tvheii  planul  on  wet  teat- 

For  use  ia  the  arts,  limestone  is  burned  in  epeoial  furnaces,  of 
peeuliar  construction,  called  Hme-ldlns,  some  of  which  are  so 
arranged  that  they  n  j  he  t  pt  in  operation  for  j-ears  without 
iatermiasion.  Wh  n  a  h  n  te  of  calcium,  instead  of  heing 
heated  merely  in  qu.   s    nt  a  heated  in  a  current  of  air,  or 

of  any  other  gas,  su  1  as  steam  for  example,  it  will  give  off  all 
its  carbonic  acid  ve  j  ly  It  has  been  found  in  practice  that 
limestone  fresh  fi  m  th  qu  j  n  be  more  readily  burned  than 
that  which  has  been  long  dug  out  of  the  ground  and  has  so  lost 
its  natural  moisture ;  in  damp  weather,  moreover,  the  hui-ning  is 
said  to  go  on  more  satisfactorily  than  when  the  atmosphere  is 
dry.  If  carbonate  of  calcium  be  ignited  in  a  tube  of  iron  or  other 
metal,  closed  hermetically,  so  that  no  carbonic  acid  n  po 
from  the  tube,  the  carbonate  disengages  carbonic  ac  d  nnt  1  the 
pressure  of  the  confined  gas  becomes  so  great  as  t  t  the 

further  decomposition  of  the  carbonate.  Under  thes  ndit 
the  temperature  may  be  rmsed  high  enough  to  fuse  th  d  com 
posed  carbonate;  the  cook-d  mass  often  presents  the  p;  noe 
of  fine-grained  marble.  If  the  tube  in  which  the  exj  m  nt  has 
been  performed  be  very  slowly  cooled,  the  carbonic  a  d  w  U  be 
reabsorbed. 

Of  the  anhydrons  oxide  of  calcinm  little  need  here  h  a  d  It 
is  infusible  at  the  most  intense  heat  at  present  at  oi  m     d 

and  13  therefore  used  for  making  crucibles  in  which  th  m  t 
fractory  metals  are  melted  by  the  aid  of  the  compound  blowpipe. 
It  has  no  power  to  unite  with  dry  carbonic  acid  at  ordinary  tem- 
peratures, but  when  exposed  at  very  high  temperatures  to  an 
atmosphere  of  carbonic  acid  possessing  a  certain  tension,  some  of 
the  gas  is  absorbed.  It  unites  with  water  yeiy  energetically,  and 
the  product  of  this  union  combines  readily  with  carbonic  acid. 
When  lumps  of  quicklime  are  exposed  to  the  air  they  slowly 
absorb  both  water  and  carbonic  acid,  and  after  a  ivliile  fall  to 
powder.     This  powder  is  known  as  air-slaleed  Ume ;  its  ci 
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tioa  may  be  represented  by  the  formnla  CaHPj,CaCO.,,  or.  diialis- 
tic,  CaO,CO^ ;  CaO,H^0. 

551.  Hydrate  of  Gahium  (CaH^Oj). — Wben  wator  ia  brought 
into  contact  with  oxide  of  calcium,  the  latter  swells  up  and  falls  to 
powder ;  a  large  amount  of  heat  ia  evolved,  and  there  is  obtained 
a  compound  of  calcium,  hydrogen,  and  oxygen,  commonly  called 
slaked  lime,  or  in  chemical  language  hydrate  of  calcium; — 

CaO  +  H^O  =  Ciilip^. 

Efp.  273.— Place  a  lump  of  recently  burned  quicklime,  weighinff 
about  30  grms.,  upon  a  loige  eartbea  plate ;  pour  upon  the  lime  some 
15  or  20  c.  e.  of  water,  and  observe  how  nmeb  the  lime  increases  in 
bulk  as  it  ia  converted  into  hydrate  of  calcium.  The  heat  of  the  mass 
may  be  shown  by  thrusting  an  ordinary  friction-match  into  the  middle 
ofit;  or,  in  case  a  considerable  quantity  of  quielElime  baa  been  em- 
ployed, by  escavating  a  small  hole  in  the  dry  powder  and  throwiug  in 
a  few  grains  of  gunpowder,  inflammation  will  ensue  in  both  cases. 
That  much  heat  ia  evolved,  may  be  shown  also  by  covering  the  mois- 
f«ned  quicklime  with  a  not  too  tall  inverted  beaker  glftss  or  bottle,  and 
observing  that,  after  a  considemble  amount  of  aqueous  vapor  has  been 
condensed  upon  the  walls  of  the  glass,  the  space  within  the  tatter  will 
ut  last  become  filled  with  a  hot,  invisible  atmosphere  of  steam ;  when 
the  bottle  is  lifted,  and  the  steam  thus  brought  into  contact  with  the 
cold  exteraal  air,  a  dense  cloud  or  fog  is  immediately  formed. 

So  much  heat  is  developed  during  the  union  of  water  with  lime,  that 
wood  will  quickly  be  brought  to  the  kindling-temperature  and  intiamed, 
if  it  happen  to  be  in  contact  with  lai^  masses  of  theae  substances  re- 
acting upon  one  another.  Fires  are  very  frequently  occasioned  by  the 
access  of  water  to  ships  or  warehouses  in  which  quicklime  is  stored. 
It  has  been  noticed,  when  large  qtianfities  of  quicklime  are  slaked  in 
a  dark  place,  that  light  as  well  as  heat  is  evolved  irom  the  lime.  Even 
when  quicklime  is  brought  into  contact  with  ice,so  much  heat  is  evolved 
that  the  mixture  sometimes  becomes  hot  enough  to  boil  water. 

552.  'When  hydrate  of  calcium  is  stirred  into  water,  there  is 
formed  not  only  a  true  solution,  lime-water,  which  may  be  ob- 
tained clear  and  colorless  by  filtration  (See  Exp,  168),  but  also 
a  turbid  liquor  consisting  of  particles  of  solid  hydrate  of  calcium 
diffused  through  the  lime-water ;  this  liquor  is  kno^vn  as  milh  or 
cream  ofUme,  according  to  its  consistency.  In  slaking  lime,  only 
about  half  a  part  of  water  is  really  needed  to  convert  one  part  of 
quicklime  into  hydrate  of  calcium ;  but  in  all  cases  where  a  fine. 
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emooth  paste  is  desired,  as  in  the  preparation  of  milk  of  lime, 
or  of  mortar,  and  in  general  whenever  hydrate  of  calcium  is 
required  in  a  very  finely  divided  condition,  it  is  best  to  pour  two 
or  three  parts  by  weight  of  water  upon  one  part  of  quicklime, 
so  that  the  slaking  may  be  quickly  effected.  By  using  hot  water 
the  process  may  be  still  further  accelerated.  The  proportiona 
of  material  given  at  the  beginning  of  Exp,  279  are  better  adapted 
than  these  last  for  illustrating  the  evolution  of  heat ;  bnt  if 
too  little  water  he  employed,  the  hydrate  of  calcium  formed  is 
liable  to  be  granular  and  crystalline  rather  than  powdery.  Both 
milk  of  lime  and  dry  powdery  hydrate  of  calcium  are  largely 
employed  for  purifying  the  illuminating  gas  made  from  coaL 
They  remove  from  the  gas  sulphjdric  and  carbonic  acids. 

Exp.  280. — Provide  two  gas-bottles,  one  arranged  for  generating 
sulphydilc  acid  (Exp.  86),  the  other  for  generating  carbonic  acid 
(Exp.  171).  Connect  with  one  of  the  f^-bottles  a,  tube  tilled  loosely 
with  dry  hydrate  of  cidcium  (Appendix,  Fig.  15),  and  with  the  other 
a  small  bottle  containing  milk  of  lime.  Pour  chlorhydric  acid  into 
the  gas-bottles,  so  that  siilphydric  and  carbonic  a<:ids  shall  be  freely 
evolved,  and  test,  from  time  to  time,  with  lead-paper  (Exp.  90),  and 
with  lime-water  (Exp.  170),  as  to  whether  these  acids  are  completely 
absorbed  by  the  dry  hydrate  of  calcium  and  the  milk  of  lime.  After  a 
while,  change  the  places  of  the  absorbing  tube  and  bottle,  so  that  the 
milk  of  lime  shall  now  be  where  the  dry  hydrate  was  before,  and  again 
test  the  efficiency  of  the  absorption,  with  lead-paper  and  lime-water. 
In  actual  prdctioe  it  is  found  that,  while  the  dry  hydrate  is  a  more 
efficient  absorbent  of  carbonic  acid  than  milk  of  lime,  the  latter  is 
capable  of  taking  up  far  more  sulphydric  acid  than  the  former. 

553,  Hydrate  of  calcium  may  be  obtained  crystallized,  in  hex- 
agonal prisms,  by  evaporating  lime-water  in  the  dry  exliausted 
receiver  of  an  air-pump.  At  a  red  heat  it  gives  off  its  watw", 
and  is  reconverted  into  quicklime.  The  residue  in  this  ease  is 
left  in  an  open,  porous  condition  which  well  fits  it  for  many 
chemical  purposes  (see  §  120). 

It  is  noteworthy  that  hydrate  of  calcium  is  somewhat  less 
soluble  iu  hot  than  in  cold  water.  If  a  cold,  saturated  solution 
of  lime-water  be  boiled,  nearly  half  of  its  solid  contents  will  be 
deposited  ;  and  in  case  none  of  the  water  has  been  driven  off,  the 
matter  tins  precipitated  will  slowly  dissolve  again  after  the  liquid 
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above  it  has  become  cold.  In  studying  this  point,  tlie  espeii- 
mentcr  must  take  care  that  the  solution  is  kept  out  of  contact 
with  the  air.  Jest  it  absorb  some  of  the  carbonic  acid  which  is 
always  present  in  the  atmosphere,  and  become  tm-bid  from  depo- 
sition of  carbonate  of  calcium.  A  familiar  instance  of  this  absorp- 
tion is  seen  in  cases  where  milk  of  lime  is  employed  for  white- 
washing :  the  loosely  adherent  white  coating,  left  after  the  liquid 
has  become  thoroughly  dry,  is  no  longer  hydrate  of  calcium,  but 
carbonate  of  calcium  in  a  more  or  leas  pure  condition. 

554.  Slaked  lime  is  very  largely  employed  for  making  mortar, 
as  an  ingredient  of  various  cements,  and  for  plastering.  "When 
mixed  with  enough  water  to  form  a  thick  paste,  it  is  decidedly 
plastic,  and  admits  of  being  spread  and  moulded  like  wax  or  clay. 
This  paste  seta,  as  it  dries,  to  a  firm,  solid  mass,  which,  when  in 
thin  layers,  adheres  firmly  to  any  rough  surfaces  upon  which  it 
may  have  hardened.  When,  however,  any  considerable  mass  of 
the  moist  paste  is  allowed  to  solidify  by  itself,  the  dry  product 
will  gradually  crack  and  fall  to  pieces.  Lime- paste  cannot,  there- 
fore, be  employed  as  a  mortar  unless  it  be  mixed  with  some  sub- 
stance like  sand,  which  shall  present  numerous  surfaces  upou 
which  the  hardened  product  may  adhere ;  by  the  addition  of  sand, 
moreover,  the  moist  lime  is  prevented  from  shrinking  too  much 
as  it  becomes  dry. 

Mortar  is  commonly  prepared  by  mixing  1  part  of  quicklime 
with  water  enough  to  form  a  thin  paste,  then  adding  3  or  4  parts 
of  coarse,  sharp  sand,  and  thoroughly  incorporating  these  ingre- 
dients. The  paste  thus  obtained  is  applied  as  a  thin  layer  to  the 
moistened  surfaces  of  the  bricks  or  stones  to  be  united.  The 
pasty  moi-tar  soon  sets  to  the  hard  mass  above  described,  and,  on 
continued  exposure  to  the  air,  it  slowly  absorbs  eai-bonio  acid  at 
its  surface,  and  is  there  converted  into  a  compaet  compound  of 
hydrate  and  carbonate  of  calcium.  The  stone-like  mass  thus  ob- 
tained binds  firmly  together  the  bricks  or  stones  between  which 
it  has  been  interposed.  It  has  been  asserted  that  the  original 
mortar-paste  sets  more  firmly  if  it  contain  a  certain  admixture  of 
carbonate  of  calcium,  than  if  it  contain  only  the  pure  hydrate; 
this  admixture  is,  of  course,  produced  when  mortar  is  left  for 
some  time  in  contact  with  the  air  before  being  used.     In  the 
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course  of  time  oliemioal  combination  ocoura,  to  a  limited  extent, 
between  the  silicic  acid  of  the  sand  and  the  oxide  of  calcium  in 
the  hardened  mortar,  though  the  process  goes  on  but  slowly; 
each  grain  of  sand  finally  becomes  covered  with  a  thin  layer  of 
hydrated  silicate  of  calcium,  which  contributes  materially  to  the 
solidity  of  the  mortar.  The  mortar  taken  irom  old  buildings 
yields  a  certain  proportion  of  gelatinous  silica  oa  being  treated 
with  chlorbydric  acid  (§  466). 

The  conversion  of  the  original  mortar  Into  hydrooarbonate  and 
silicate  of  calcium  is  never  completely  accomplished ;  in  the  cen- 
tral portions  of  the  mass,  free  hydrate  of  calcium  will  still  be 
found  after  the  lapse  of  many  centuries.  Samples  of  mortar,  re- 
cently taken  from  the  Great  Pyramid,  were  found  on  analysis 
to  contain  a  large  proportion  of  the  free  hydrate. 

555.  The  plastering  used  for  finishing  the  walls  and  ceilings  of 
rooms  is  mortar  to  which  a  quantity  of  hair  has  been  added  to 
increase  its  tenacity;  in  drying,  it  is,  of  course,  subject  to  the 
same  chemical  changes  as  ordinary  mortar.  By  absorbing  car- 
bonic acid  from  the  air,  it  is  gradually  converted,  in  part,  into 
carbonate  of  calcium,  -while  water  is  set  free : — 

CaO,H,0  +  CO,  =  CaO.CO,  +  H,0. 
Consequently  the  walla  of  recently  plastered  rooms  cannot  become 
permanently  dry,  until  enough  carbonic  acid  has  been  absorbed 
to  expel  the  chemically  combined  water  from  their  outside  sur- 
faces ;  hence  the  dampness  so  often  perceived  in  new  houses, 
when  carbonic  acid  first  comes  to  be  freely  generated  in  them  by 
respiration  and  by  burning  lamps.  In  order  to  dry  plastering.  It 
would,  doubtless,  be  better  to  employ  open  fires  of  charcoal,  or  of 
coke,  and  to  deliver  the  products  of  the  combustion  dii-ectly  int« 
the  room  which  is  to  be  dried,  instead  of  relying  solely  upon  hot 
air,  as  is  now  usual. 

ess.  Hydrate  of  calcium,  like  the  hydrates  of  sodium  and  of 
potassium,  exhibits  a  strong  alkaline  reaction  when  tested  with 
moistened  Htmns-paper,  and  exerts  a  corrosive  action  upon  most 
organic  substances ;  hence  it  ia  often  called  eawsiic  lime. 

Eep.  2S1.— Add  a  few  drops  of  water  to  a  small  quantity  of  dry 
hydrate  of  calcium,  and  rub  it  to  n  paste  batwuen  the  liagjrs.     It  will 
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be  full  that  the  aSliali  acts  upon  the  sliin;  a  litfJe  of  the  cuticle  i? 
really  dissolved. 

Eep.  282.— Wrap  a  handful  of  dry  hydrate  ol  calcium  in  a  paper, 
or,  better,,  in  a  piece  oi  linen  or  cotton  cloth,  and  set  the  packet 
aside  for  a  week  or  two.  Afterawhile,  the  eloth  or  paper  will  become 
rotten  and  friable:  the  caustic  lime,  asthe  common  phrase  is,  has  eaten 
ftwav  their  more  corruptible  portions,  and  has  80  destrojed  the  inte- 
grity of  the  whole.  As  a  preliminary  operation  in  tanning  leather, 
hides  are  soaked  in  milk  of  lime  to  loosen  the  hair,  so  that  it  may  be 
readily  scraped  off.  The  value  of  lime,  as  an  ingredient  of  composts 
to  he  used  aa  manure,  appears  to  depend,  in  great  measure,  upon  its 
power  of  hasteninff  the  decay  and  disintegration  of  organic  matter. 

Lime  has  been  found  to  be  specially  valuable  as  manure  when  ap- 
plied to  soils  rich  in  vegetable  matter.  The  organic  matters  are  de- 
composed or  oxidLned  mto  carbonic  and  various  other  oi^'anic  acids, 
which  unite  with  the  lime ;  sometimes,  under  special  conditions,  more 
01  less  nitrate  of  calcium  is  found  among  the  products. 

Lime  ia  important,  also,  from  being  not  only  the  cheapest  alkali, 
but  the  cheapest  of  all  the  bases.  Since  ita  compounds  with  car- 
bonic and  sulphuric  acids  are  nearly  insoluble  in  water,  it  is 
largely  employed  for  removing  these  acids  from  solutions  in  which 
their  presence  is  not  desired  ;  it  may  itself  be  removed  irom  any 
solution  by  means  of  the  acids  in  question.  It  is  used  in  the 
manufacture  of  the  caustic  alkalie*"  ('odi  and  potash)  of  ammonia- 
water  and  of  ble  aching-powders  as  a  fl  x  n  maay  met  llur 
gical  operations,  in  the  refining  of  s  gar  foi  p  e^  a  ng  a  I  me 
soap  in  the  manufacture  of  stea  ne  a  dies  and  tor  numb  1  i 
other  purposes.  A  noteworthy  p  o^  erty  of  slake  1  1  me  is  ts 
power  of  dissolving  freely  in  solutio  s  ot  ommo    sug 

557.  Stdphate  of  Calcium  (CabOJ  is  found  na  e  la  ^e 
quantities,  as  the  minerals  gypsum  and  alabaster.  These  mine- 
rals contain  one-fifth  their  weight  of  water;  their  composition 
may  be  represented  by  the  formula  CaSO,  -|-  SH^O.  The  same 
hyd  a  1  silt  may  he  obtained  by  adding  sulphuric  add,  or  the 
ol  n  f  some  sulphate,  to  a  strong  aq^ueous  solution  of  almost 
nj  f  he  salts  of  calcium.  This  hydrated  compound  is  the  sub- 
sane  commonly  meant  when  sulphate  of  calcium  is  spoken  of. 
Tl  c  anl  ydroua  compound  is  also  important :  it  is  sometimes 
found    n  nature  as  the  mineral  arihydrUe,  and  may  be  readily 
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prepared  by  heating  the  hydrated  salt.  There  is  still  a  thiiii 
compound,  the  composition  of  which  may  he  represented  hj  the 
foiTaula  2CaS0^  +  H,0,  of  which,  however,  hut  little  is  known. 

Erp.  283.— Place  in  a  porcelain  evaporating- dish,  or,  better,  in  an 
iron  pan,  two  taUespooHfuls  of  powdered  gypsum ;  heat  the  gyp- 
sum niodHi-at^lj  over  the  flame  of  the  gas-lamp,  and  observe  the  move- 
ment of  ebullition  occasioned  by  the  escaping  water  j  stir  the  misturo 
aa  long  as  the  vapor  of  water  is  seen  to  escape,  and  then  set  the  residue 
aside  to  cool.  The  dry  product  is  known  as  oalcmedgi/psum  or  plaster 
of  Park. 

As  much  as  nine-tenths  of  the  water  which  the  gypsum  contains 
may  be  readily  espelled  at  temperatures  between  100=  and  120°;  hut, 
in  order  to  di-ive  off  the  last  portions  of  the  water,  a  temperature  of 
nearly  300°  is  required.  If  the  dry  compound  be  heated  to  tempera- 
tures much  higher  than  300°,  its  particles  appear  to  become  aggluti- 
nated, and  the  chemical  properties  of  the  substance  are  somewhat 
changed ;  the  gypsum  is  then  said  to  be  over-burned.  At  the  tempe- 
rature of  redness,  sulphate  of  calcium  melts  without  decomposition, 
and  on  coohng,  assumes  a  crystalline  stJ'ucture  similar  to  that  of  na- 
tive anhydrite. 

558.  When  powdered  sulpbato  of  ca]cium,  which  has  been  made 
anhydrous  at  a  comparatively  low  temperature,  la  made  into  a 
paste  with  water,  and  then  left  to  itself,  it  soon  seta  or  bdidens 
into  a  compact,  coherent  mass.  This  solidihcation  is  a  conse- 
quence of  the  reassumption  by  the  sulphate  ot  talcium  of  the 
two  molecules  of  water  of  crystallization  whith  weie  driven  off 
by  heat  when  the  substance  was  made  anhydrous. 

Etp.  284.-— Place  a  small  coin  at  the  bottom  of  a  cylindi-ical 
pasteboard  pill-box  a  little  wider  than  the  coin ;  smear  the  orfn  and 
the  inteiior  of  the  box  with  a  thin  film  of  oil.  Mis  intimately  tv.o 
or  three  teaspoonfuls  of  the  calcined  gypsum  of  Exp.  283,  with  about 
half  their  volume  of  water,  in  a  small  porcelain  dish,  and  quickly 
pour  the  mixture  into  the  box,  so  that  tbe  coin  shall  be  completely 
covered  by  it.  The  mixture,  which  is  of  the  consistence  of  cream, 
diould  then  be  immediately  ethred  or  puddled  with  a  hiur-pencil,  or 
with  a  tuft  of  cotton  tied  upon  a  stick,  or  with  the  end  of  the  finger, 
so  that  the  bubbles  of  air  which  remain  adhering  to  the  surface  of  the 
coin  may  be  pressed  out,  and  the  moist  paste  be  made  to  come  every- 
where into  contact  with  the  metal.  In  the  courseof  afew  minutes  the 
paste  will  sohdify  and  become  so  hard  that  the  pasteboai-d  envelope 
may  be  torn  away  from  it,  imd  the  coin  removed.     A  perfect  cast  ol 
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copy  of  tlie  sbtmp  i:pon  the  coin  will  be  found  impi-e^Eed  upon  the 
hardened  gypsum.  The  impreasion  in  this  first  cast  is,  of  course,  re- 
versed, but  by  sraeoring  it  with  oil  and  then  ponring  over  it  a  new 
portion  of  the  gypsum-paate,  precisely  as  was  done  with  the  coin,  a 
fiic-simile  of  the  original  coin  may  be  obtained. 

Plaster  of  Paris  is  lai^ly  med  m  this  way  for  talringp  sceurate  copies 
of  a  great  variety  of  objects.  Tims,  in  the  process  known  as  stereo- 
typing, a  thin  paste  of  plaster  is  poured  upon  the  surface  of  the  printers' 
types,  after  they  have  been  set  up  and  made  ready  for  printing ;  the 
mould  thus  formed  is  dried  and  baked  to  expel  the  water  from  the 
gypsum,  and  is  then  plunged  infjj  a  bath  of  a  melted  alloy  of  lead, 
antimony,  and  tin,  known  as  etereoti-pe-metal,  in  such  manner  that, 
on  withdrawing  the  mould  and  allowing  the  metel  within  it  to  cool, 
there  is  obtained  a  fac-simile  of  the  ori^al  types.  From  this  duiablo 
metallic  casting'  the  page  ia  finally  printed. 

As  has  been  said  above,  the  moist  paste  sets  as  aoon  aa  the  water, 
which  has  been  mechanically  mixed  with  the  anhydrous  suiphnte  of 
calcium,  enters  into  chemical  combination  with  it.  As  in  all  other 
instances  of  chemical  action,  so  here,  heat  is  evolved  as  the  water  and 
plaster  combine,  as  may  readily  he  appreciated  by  operating  upon  con- 
siderable quantities  of  the  materials.  Since  the  plaster  assumes  crys- 
talline form  as  it  becomes  hydrated,  the  paste  increases  in  buli  as  it 
hardens,  and  is  thus  pressed  into  the  finest  interstices  of  the  mouMs. 

Gypsum  sets  the  more  quicltly  in  proportion  as  the  temperature  at 
■which  it  has  been  dehydrated  was  low.  After  it  has  been  heated  above 
SOtP,  it  will  no  longer  set  on  being  mixed  with  water.  Besides  ifa 
use  in  taking  casts,  plaster  of  Paris,  on  account  of  this  power  of  com- 
bining with  water,  is  largely  em ploj-ed  in  the  preparatiuii  of  stucco 
and  of  various  imitations  of  marble.  The  hydrated  compound  finds 
application  also  as  a  manure,  in  the  manufacture  of  ammoniacal  salts, 
and  for  various  other  purposes. 

Exp.  285. — That  the  plaster  paste  expands  considerably  at  the  mo- 
ment of  solidification  may  be  shown  as  follows: — Procure  a  cracked 
test-tube,  or  small  flask,  and  flU  it  completely  with  a  paste  made  of 
calcined  gypsum  and  water,  in  the  proportiona  of  12  pts.,  by  weighty 
ef  the  former,  to  S  of  the  latter.  In  the  course  of  16  or  20  minutes 
it  will  be  seen  that  the  original  crack  in  the  glass  vessel  has  extended 
in  various  directions,  in  consequence  of  the  espansion  of  the  mass 
within  it.  It  will  be  noticed,  also,  that  the  vessel  feels  warm  to  the 
hand  (compare  Exp.  284).  Finally,  by  breaking  away  the  glass  enve- 
lope, there  may  be  obtained  a  cast  of  the  glass  vessel. 

£xj>.  286. — The  power  of  sulphate  of  calcium  to  take  up  water, 
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to  solidify  wftfei  as  it  unites  with  it  to  form  the  crystalline  eonipouiia 
CaII,SO„  pan  he  macte  manifest  ns  follows  :— Prepare  two  tiihle- 
spoonfiili  of  a  safiirnted  nqueoua  solution  of  chlotide  of  ealdura,  bv 
dissolving  1  pt.,  by  weight,  of  the  dry  chloride  in  l-o  part  of  water"; 
also  prepare  the  same  qtiantity  of  a  saturated  solution  of  sulphate  of 
Bodiura  (Exp.  228),  and,  tina]ly,  mix  the  two  solutions.  Sulphate  of 
calciam  will  ba  formed,  in  accordance  with  the  reaction 
CaClj  +  T^a^SOt  =  CaSO,  +  2NaCl, 
and  will  unite  with  the  water  in  which  the  iuirredients  from  which  it 
has  been  formed  were  previously  held  in  solution,  so  that  an  almost 
solid  mass  of  OaSO^SHjO  will  talie  the  place  of  the  two  liquids. 

Ordinary  hydrated  sulphate  of  calcium  is  soluble  in  about  400 
parta  of  water  at  the  ordinary  temperature  of  the  air ;  but,  like 
hj'drate  of  calcium,  sulphate  of  sodium,  and  a  fow  other  salts,  it 
is  iesB  soluble  in  hot  water  than  in  cold.  When  an  ai^ueous  so- 
lution of  sulphate  of  calcium  is  heated  to  100°  or  more,  a  precipi- 
tate will  soon  be  formed  in  it,  even  if  the  solution  be  very  dilute 
and  at  temperatures  as  high  as  140"  or  150°  the  anhydrous  com- 
pound is  completely  insoluble  in  water.  In  the  same  way  as  with 
sulphate  of  sodium  (Exp.  228),  it  appears  that  the  bihydrated 
sulphate  of  calcium  cannot  exist  at  temperatures  mucli  superior  to 
100°,  and  that  above  that  temperature  we  have  to  deal  with  other 
eoinponnds  of  different  solubility  In  other  words,  the  water 
which  is  held  in  chemical  comb  nation  n  ord  naiy  unbumed  gyp- 
sum may  be  expelled  by  heat  e  e  he  tl  e  gypsum  is  dissolved 
in  water.  "Whenever  water  c  ntn  ning  sulphate  of  calcium  in 
Boiution  is  strongly  heated,  as  m  steim  boilers,  there  is  precipi- 
tated the  haif-hydrated  compo  nd  of  eon  I  o  tion  2CaS0 -|-H,0. 
which  has  been  mentioned  above  Hence  the  formation  of  jncras- 
tations,  or  scale,  of  sulphate  of  calcium  upon  the  walls  of  boilers 
fed  with  sea- water,  or  with  other  water  containing  the  sulphate. 
It  should  be  remarked  that  the  inenistation  in  ihis  case  does  not 
depend  upon  evaporation ;  tho  sulphate  of  calcium  will  be  de- 
posited the  more  rapidly  in  proportion  as  the  water  of  the  boiler 
is  hot,  and  as  more  of  the  impure  feed-water  is  pumped  into  the 

659.  Besides  occurring  in  sea-water,  sulpliatc  of  calcium  is  a 
very  common  impurity  in  spring-water.     Water  which  contaiii? 
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much  of  it  is  "  hard,"  and  is  not  well  adapted  either  for  washing 
or  for  cooking. 

£xp,  287.^Di9Solve  a  small  bit  of  soap  in  hot  water,  and  add  to  the 
solution  an  equal  hulk  of  ft  solution  of  sulphate  of  caleiora.  The  mix- 
ture immediately  becomes  turbid,  and  after  a  few  moments  there  will 
he  fonned  a  greasy,  floeeulent,  adheMve  scum  upon  the  surface  of  the 
liquor.  This  precipitate  is  a  lime  soap,  fonned  hy  the  union  of  the 
fatty  ingredients  of  the  soap  and  the  base  of  the  sulphate  of  calcium. 
Common  soap  is  a  compound  of  one  or  more  organic  acids,  known  as 
fatty  acids,  with  caustic  soda.  This  soda  soap  is  soluble  in  water,  but 
lime  soap  is  insoluble ;  hence,  when  a  soluble  salt  of  calcium  is  added 
to  a  solution  of  soap,  precipita,tion  occurs.  When  soap  is  added  to 
hard  water,  it  will  produce  neither  permanent  froth  nor  cleansing 
eiFect,  until  the  sulphate,  or  other  hrae-salt  present,  has  all  been 
decomposed ;  with  such  waters,  much  soap  is  consumed  in  removinn; 
the  cidcium  compnimd,  before  the  proper  detergent  action  of  the  soap 
can  be  broug-ht  into  play. 

560.  An  escellcnt  process  for  determining  the  relative  hard- 
ness of  several  samples  of  water  has  been  founded  upon  the 
behavior  of  water  towards  soap,  as  set  forth  in  the  foregoing 
experiment ; — 

Exp.  288,— Prepare  a  sample  of  wafer,  of  sfaodard  hardnesi,  as  fol- 
lows : — Dissolve  0'5  grm.  of  white  marble,  or  other  pure  carbonate  ei 
calcium,  in  dilute  chlorhydric  acid,  evaporate  to  dr3iiess,  in  order  to 
e^pel  the  excess  of  acid,  and  dissolve  the  pure  chloride  of  calcium  ob- 
tained in  2  litres  of  water.  Next  prepare  a  solution  of  soap  by  digest- 
ing 7  grma.  of  Castile  soap,  or,  better,  white  curd  soap,  in  1120 
grins,  of  a  mixture  of  3  parts  of  alcohol,  of  0-83  specific  gravity,  and  1 
of  pui'e  water,  until  no  more  soap  dissolves ;  filter  the  aolntion,  ajid 
pi-eserve  it  in  a  tight  bottle.  Measure  off  100  c.  c.  of  the  water,  ot 
standard  hardness,  place  it  in  a  bottle  of  200  or  250  c.  c.  capadty,  and 
by  means  of  a  graduated  burette  (Appendix,  5  21),  or  pipette,  add  to 
it  the  solution  of  soap  hy  portions  of  1  c.  c  each.  After  tie  addition 
of  each  c.  c  of  the  soap  solution,  replace  the  stopper  in  the  bottle,  and 
shake  the  latter  violently,  then  place  the  bottle  upon  its  aide,  and 
observe  whether  the  bubbles,  which  form  upon  the  surface  of  the 
liquid,  quickly  disappear.  So  long  as  the  bubbles  disappear  immedi- 
ately, new  portions  of  the  aoap-liquor  must  be  added ;  but  as  soon  aa 
a  permanent  froth  is  formed,  the  operation  is  finished.  It  is  euatomaiT 
to  consider  the  operation  completed  when  the  bubbles  persist  durin^r 
three  minutes.  The  niunber  of  c.  c.  of  soap-liquor  which  has  been 
employed  in  prrduciug  this  result,  b  then  carefully  recorded. 
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Samplas  of  well-  and  river- water  may  jeadily  be  compaved  with  the 
water  of  linown  standard  haidness.  We  have  only  to  meaaure  offlOO 
c,  c.  of  the  wsll-water,  place  it  in  a  small  hottle,  as  above,  and  add  to 
it  the  soap-liquor,  whose  value  has  beea  detei-mined,  until  a  persistent 
froth  isprodueed.  If  it  be  assumed  that  the  standard  chloride-of-eal- 
ciiim  water  represent  100°  of  hardness,  the  comparative  hardness  of 
any  other  sample  of  water  will  follow  from  the  proportion :— As  the 
quantity  of  soap-liquor  required  to  produce  persistent  bubbles  in  the 
standard  water  is  to  100,  so  is  t)ie  quantity  of  soap-liquor  which 
produces  bubbles  in  any  given  sample  of  -water  to  the  relative  hard- 
ness of  the  sample. 

When  the  water  under  examination  has  a  much  higher  degree  of 
hardness  than  100°,  it  is  necessary  to  dilute  it  with  irora  1  to  5  times 
its  volume  of  distilled  water  before  adding  the  soap-liquor;  for  the 
curdy  precipitate,  which  would  form,  if  soap  were  added  to  the  un- 
diluted liquid,  would  interfere  with  the  formation  of  froth,  and  so 
make  it  difficult  to  determine  when  a  sufficient  quantity  of  the  soap- 
liquor  had  been  used. 

On  being  ignited  in  an  atmosphere  of  hydrogen,  or  in  contact 
with  substances  contaimng  oiirbon,  gj-psum  may  readily  be  deox- 
idized and  converted  into  sulphide  of  calcium ; — 
CaSO,   +   4C  =  CaS   -I-   4C0. 
This  reduction  is  readily  effected,  also,  when  aqueous  solutions  of 
gypsum  are  left  in  contact  with  decaying  vegetable  matter.    Since, 
in  this  case,  carbonic  acid  will  necessarily  come  in  contact  with 
the  sulphide  of  calcinm  as  soon  as  it  is  formed,  sulphuretted 
hydrogen  gas  wUI  be  set  free,  as  may  be  perceived  wherever  the 
mud  of  docks  and  marshes  is  wet  with  sea-water : — 
CaS  -1-   H,0   +   CO,  =  CaCO,  -|-  11,8. 

561.  Phosphates  of  Calcium. — There  are  several  of  these  phos- 
phates, comparable  respectively  with  the  various  phosphates  of 
sodium  {§  489)  ;  the  most  remarkable  among  them  is  the  triphos- 
phate (3CaO,  PjO,),  commonly  called  bone-phosphate,  from  being 
found  in  bonea.  It  is  the  chief  of  the  inorganic  constituents  of 
which  the  skeletons  of  animals  are  composed.  Small  portions  of 
it  are  found  in  most  rocks  and  soils(5  262),  it  being  a  very  widely 
diffused,  though  nowhere  a  very  abundant,  substance.  Consider- 
able masses  of  it  have  been  found,  however,  ia  Spain,  New  Jer- 
sey, and  Canada,  and  it  is  the  principal  ingredient  of  some  kinds 
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of  guano.  No  matter  whence  obtained,  it  is  a  valuable  manui-e 
when  reduced  to  a  fiue  powder.  Though  as  good  as  insolnble  m 
water,  it  dissolves  readily  in  acids  and  iu  solutions  of  various 
organic  substances. 

562.  Ohhride  of  Caldum  (CaClJ  may  be  prepared  by  dis- 
solving chalk  or  marble  in  chlorhydric  acid  (as  in  Esp.  171), 
and  evaporating  the  solution  to  dryness.  It  is  produced  in  large 
quantities  in  the  arts  by  heating  chloride  of  ammonium  with 
slaked  lime  in  the  preparation  of  ammonia-water  (Exp.  48) : — 

2]S'H,C!  -I-  CaH^O,  =  CaCl,  +  2KH,  +  2H^0. 
Wben  dried  at  about  200°,  chloride  of  calcium  is  left  as  a  porous 
mass,  which  is  largely  employed  in  chemical  laboratories  for  dry- 
ing gases  (Appendix,  §  15),  It  absorbswaterwith  great  avidity, 
and  is  one  of  the  most  deliquescent  substances  known.  "When 
exposed  to  air  at  the  ordinary  temperature,  it  soon  absorbs  so 
much  water  that  it  dissolves  completely.  At  a  low  red  heat  the 
anhydrous  chloride  melts  to  a  clear  liquid;  if  ignited  for  any 
length  of  time  in  contact  with  the  air,  it  suffers  decomposition  to 
a  shght  extent,  a  little  oxide  and  carbonate  of  calcium  being 
formed.  From  highly  concentrated  aqueous  solutions  there  may 
be  obtained  crystals  of  the  hydrated  compound  CaCl^+6HjO. 

Slaked  lime  may  be  dissolved  in  considerable  quantity  in  a 
boiling  aqueous  solution  of  chloride  of  calcium,  and  the  filtered 
solution  deposits,  on  cooling,  long,  thin  crystals  of  a  compound 
known  as  oxychloride  of  calcium  (CaCl,,  3CaO-|-16H,0),  which 
is  immediately  decomposed  when  treated  with  pure  water, 

563.  HypoehhriU  of  Caldum  (CaClp,),  as  has  been  shown 
in  §  120,  is  a  component  of  the  substance  commonly  called 
"  chloride  of  lime."  This  important  bleaching  agent  is  prepared 
by  passing  chlorine  gas  into  chambers  filled  with  layers  of  finely 
powdered  slaked  lime,  in  accordance  with  the  reaction  already 
set  forth.  Chloride  of  lime,  or  bleaching- powder,  is  a  dry,  white 
powder,  smelling  feebly  of  bypochlorous  acid ;  it  always  contains 
a  certain  excess  of  hydrate  of  calcium  which  has  been  unacted 
npon  by  chlorine ;  it  is  therefore  only  partially  soluble  in 
water.  When  exposed  to  the  air,  it  slowly  absorliS  carbonic 
acid,  and,  at  the  same  time,  evolves  chlorine ;  hence  its  employ- 
ment as  a  disinfecting  agent.     If,  instead  of  being  left  to  be 
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slowly  acted  upon  bj  the  carbonic  acid  of  the  air,  it  be  treated 
with  a  dilute  acid  (such  as  vinegar),  a  copious  evolution  of 
chlorine  will  immediately  occur. 

Erp.  289. — Place  half  a  teaspoonful  of  bleaching-powder  in  a  test- 
o:laaa,  cover  the  powder  with  water,  and  stir  in  enough  of  a  solution  of 
blue  litmus  to  distinctly  color  tlie  mixture.  By  means  of  a  glass  tube, 
blow  into  the  mixture  air  espired  from  the  lungs,  aud  observe  that  the 
blue  color  of  the  litmus  will  soon  be  destroyed.  The  carbonic  acid 
from  the  lungs  decomposes  the  hypochlorite  of  calcium,  and  the  chlo- 
rine set  free  destroys  the  color, 

Bxp.  390. — At  the  bottom  of  a  large,  tall  beaker,  or  other  wide- 
mouthed  glass  vessel,  of  the  capacity  of  two  or  three  htres,  place  & 
small  .bottle  containing  15  or  20  grms.  of  bleaching-powder.  Cover 
the  beaker  with  a  glass  plate,  or  sheet  of  pasteboard,  provided  with  a 
small  hole  at  the  centre :  through  this  hole  in  the  cover  pass  a  thistle- 
tube  down  into  the  bottle  of  bleaching-powder,  and  pour  upon  it  several 
small  successive  portions  of  sulphuric  acid  diluted  -with  an  equal  volume 
of  water.  Chlorine  gas  will  immediately  be  set  free  from  the  bleach- 
ing-powder, in  accordance  with  the  reaction 

OaCls,CaC!A  +  SH^SO^  =  2CaS0j  +  2H,0  +  401, 
and,  falling  over  into  the  bottom  of  the  laa-ge  beaker,  will  gradually 
press  out  and  displace  the  air  therein  contained,  so  that  after  a  short 
time  the  beaker  will  be  seen  to  be  completely  filled  with  the  green  gas. 
This  is  by  far  the  easiest  and  most  expeditious  method  of  preparing 
chlorine.  If  desirable,  the  bleaching-powder  may,  of  course,  be  placed 
in  a  ttflsk,  together  with  the  acid,  and  the  evolved  gas  collected  at  will, 
by  means  of  suitable  delivery-tubes ;  but  many  of  the  experiments  of 
Chapter  VIII.  may  be  performed  perfectly  well  in  the  jar  of  chlorine 
obtained  as  above.  The  heavy  gas  may  be  ladled  out  of  the  jar  with 
a  dipper  made  of  any  small  bottle,  and  poured  upon  a  solution  of 
indigo  to  show  its  bleaching-power. 

It  will  be  noticed,  in  the  above  reaction,  that  by  the  addition  of  an 
ftL-id  ail  the  chlorine  of  the  bleachiug-powder  is  expelled.  The  point 
is  important  as  bearing  upon  the  practical  use  of  this  agent. 

Exp.  291. — Soak  a  bit  of  printed  calico  in  a  half -litre  of  water,  iiit« 
which  10  or  15  grms.  of  bleaching-powder  have  been  stirred.  Observe 
that  the  color  of  the  calico  slowly  undergoes  change;  then  transfer  the 
cloth  to  another  bottle  filled  with  very  dilute  chlorhydrio  or  sulphuric 
acid,  and  take  note  of  the  rapidity  with  which  the  color  is  dischai'ged. 
If  need  be,  again  immerse  the  calico  in  the  bleaching  bath,  and  after- 
wards in  the  dilute  acid.     Finally,  wash  the  whitened  cloth  thoroughly 
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5C4.  When  heated,  bleaching-powder  gives  off  oxygen,  while 
chloride  of  calcium  is  left  as  a  residue.  Tue  reaction  furnishes 
a  cheap  and  convenient  method  of  obtaining  oxygen.  Another 
method  of  procuring  oxygen  from  the  hypochlorite  is  to  mix  a 
eolation  of  the  latter  -with  black  oxide  of  manganese,  red  oxide 
of  mercuiy,  oside  of  iron,  or  oxide  of  copper,  or,  better,  with 
hydrated  sesquioxidc'of  iron,  hydrate  of  copper,  of  nickel,  or  of 
cobalt,  and  to  gently  warm  the  mixture. 

Hxp.  292.— Fill  an  ignition-tube  one-third  full  of  bleaehing-pow- 
der,  and  arrange  the  apparatus  so  that  the  gas  may  be  collected 
over  water.  Heat  the  tube,  and  observe  that  the  gas  is  expelled  at 
a  comparatively  low  temperature.  1  grm.  of  bleaching-powder  yields 
40  or  50  c.  c.  of  oxygen  gas. 

Ikp.  303.— Take  as  much  bleaching-powder  as  was  employed  in 
Exp.  202,  dissolve  it  in  a  small  quantity  of  water,  filter  the  solution, 
and  phiee  it  in  a  small  fla'sk  provided  with  a  dclivery-tuhe.  Add  to 
the  contents  of  the  flask  two  or  three  drops  of  the  solution  of  a  cobalt 
salt,  connect  tie  flask  with  an  inverted  bottle  of  water  upon  the  water- 
pan,  by  means  of  the  dehvery-tube,  then  heat  the  flask  to  7(P  or  80°, 
and  observe  that  oxygen  is  freely  evolved. 

The  cobalt  solution  employed  amounts  to  the  same  thing  as  hy- 
drated oxide  of  cobalt,  wnce  the  latter  is  immediately  precipitated 
fram  the  cobalt  salt  by  the  caustic  lime  in  the  bleaching-powder. 
The  action  of  the  oxide  of  cobalt,  or  other  metallic  oxide,  in  this  ex- 
periment, appears  to  be  somewhat  analogous  to  that  of  the  higher 
oxides  of  nitrogen  in  the  manufacture  of  siUphutic  acid  (5  228J.  The 
oxide  of  eobolt  probably  takes  oxygen  from  the  solution  of  bleaching- 
powder,  and  combines  with  it  to  form  a  high,  unstable  oxide,  which 
immediately  decomposes  again  with  evolution  of  oxygen.  The  oxida- 
tion and  deoxidation  of  the  cobalt  compound  thus  goes  on  incessantly, 
and  a  very  small  quantity  of  the  latter  is  sufficient  to  decompose  any 
desired  amount  of  bleaching-powder.  It  is  important  that  the  solu- 
tion of  the  hypochlorite  shoiUd  be  filtered  as  above  directed,  lest  a 
quantity  of  it  be  lost  by  foaming  over  out  of  the  flask. 

565.  The  proportion  of  hypochlorite  of  calcium  in  bleaching- 
powder  varies  widely  in  difFcrent  samples,  according  to  the  care 
with  which  the  sample  has  been  prepared,  and  to  the  length  of 
lime  it  baa  been  exposed  to  the  action  of  the  air.  The  bleacbing- 
power,  or  in  other  words,  the  money  value  of  each  special  sample, 
should  thei-eforo  be  determined  before  it  is  sold.     Of  the  several 
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methods  of  ascertaining  the  value  of  bleacHng-powder,  one  of 
the  simplest  is  to  determine  how  much  arsenious  acid  (As^Oj) 
can  be  converted  into  arsenic  acid  (As^O^)  by  a  given  weight 
of  the  sample; — 

As,0,  +  4CI  +  2H^0  =  As,0,  +  4HC!. 

To  this  end  a  weighed  quantity  of  aisenioua  acid  is  dissolved  in 
a  certain  definite  quantity  of  a  solution  of  carbonate  of  sodium  in 
Buch  manner  that  each  c  c  of  the  liquor  shall  contain  a  known 
weight  of  arsenious  acid.  A  considerable  quantity  of  this  standard 
solution  may  be  prepared  once  for  all,  and  kept  for  use  in  tightly 
closed  bottles.  A  weighed  sample  of  the  bleaching-powder  under 
examination  ia  then  dissolved  in  water,  and  into  thia  solution  of 
bleaching-powder  the  standard  solution  of  arsenious  aeid  is  carefully 
poured  fiom  a  burette  so  long  as  the  inenions  acid  oonttnues  to  be 
oxidized  and  converted  into  arasnio  acid. 

In  order  to  dHtermine  the  precipe  moment  ■when  the  oxidiziUj. 
power  of  the  ble«;bin,<  powdfr  '.olution  ceases  a  drop  of  this  "^lu- 
tion  IS  tiken  out  ft  m  time  to  tm  e  upon  a  glai3  rod  and  placed 
upin  paper  prepared  with  iodide  of  potassium  and  starch  as  ha" 
been  de^cnbed  m  Exp  71  When  the  paper  no  lon^tr  hecomei 
blue  31  be  n^  touched  with  the  solution,  the  operation  is  known 
to  be  completed  Towards  the  clo  e  of  the  e\p  i  mtnt  the  soluti  n 
of  aioeniuus  acid  sh  uld  onh  be  addtd  Irop  b>  drop  to  the  solution  of 
bleaching  powder  and  stme  nf  the  latt  r  should  be  touched  to  the 
test-paper  after  each  addition  of  the  arsenious  acid. 

The  number  of  c.  c.  of  the  solution  of  arsenious  add  which  have 
been  employed  is  then  carefully  noted,  and  the  amount  of  arsenious 
acid  contained  in  them  ia  computed.  From  these  data  the  amount 
of  chlorine  in  the  sample  of  bleaching-powder  is  obtained  by  the 
following  proportion : — 

Weight  of         Weight  of 
198  :  142  =      araonious      :     chlorine  in 

Weight  of  one      Weight  of  four  acid  used.  the  sample, 

molecule  of  ar-    atoms  of  chlorine. 

Of  the  other  compounds  of  calcium  may  be  mentioned  the 
fluoride  (§  155),  bromide,  and  iodide  (analogona  to  tbo  chloride), 
the  peroxide  CaO^,  several  sulphides  (§,213),  and  the  phosphide 
(§  278).  Nitrate  of  caleium  {CaN,0,)  is  a  verj'  easily  soluble, 
deliquescent  salt,  found  in  many  soils,  and  in  other  localities 
where  organic  matters  putrefy  in  contact  witli  hydrate  or  ear- 
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bonate  of  calcium.  Sulpliydrate  of  calcium  CaS,HjS,  analogouB 
to  the  hyirato,  may  be  prepared  by  boiling  monosulphide  of 
calcium  witb  water,  or  by  passing  sulphydrio  acid  gas  into  a  cold 
solution  of  the  sulphide.  The  solution  of  this  substance  possesses 
a  remarkable  power  of  loosening  hair  from  the  skins  of  animuls. 
After  a  skin,  has  been  soaked  for  a  few  minutes  in  a  strong  solu- 
tion of  this  substance,  the  hair  may  readily  be  scraped  off  with 
any  blunt  instrument.  A  solution  of  sulphite  of  calcium  (CaSOJ 
in  an  aqueous  solution  of  sulphurous  acid,  is  sometimes  employed, 
under  the  name  bisulphite  of  lime  to  check  fermentation. 

066  The  metal  itself  may  be  obtaiiiLd  bj  decomposing  fused 
ehlonde  of  calcium  hj  means  of  the  gal\ani  LUir  ut  01  by 
heating  iodide  of  caliium  with  metilLe  sodium  la  a  closed  iron 
tule  It  IS  a  yellowish  white  lustrous  ductile  metal  of  1  f> 
specific  gravity  which  sufteis  no  change  in  diy  air  at  the  oidi 
nary  tcmperituic  In  moist  air  it  oxidizes  quickly  an  1  it 
decomposes  water  ivith  evolution  of  hidro^en  At  a  led  heat 
it  melts  and  if  oiyg  n  be  p  eaent  takes  fire  and  bums  with  a 
bright  light  It  IS  a  builent  element  the  weght  of  its  atom 
ia40 


507  The  met'Js  strontium  and  barium  closely  rcsLintle  cal- 
cium in.  appearance  and  pioperfi  and  may  be  pifiued  Ij 
methods  smilar  t  those  used  icr  c  Icium  is  described  in  the 
laat  section  Phe  specifac  giavit}  of  strontium  is  _  b  that  of 
banum  is  4  Ihe  itomic  weialit  of  strontium  1  b7  5,  and 
that  of  barium  U7  Like  cilc  um  strontium  and  banum  ate 
both  bivalent  clementB 

Most  (f  the  compcunds  of  strontium  and  barium  are  closclv 
analogous  to  the  c  rre  ponding  compDunds  of  calcium  Ih 
o\idea  percxiles  hydrates  caibonntes  sulphates  nitrat  s  plios 
phates  chlorides  sulphides  &.0  lesemble  m  the  main  the  cone 
ponding  calcium  salts  The  hj  drates  of  strontium  and  1  or  um 
hDwever  are  moie  read  ly  soluble  m  water  than  the  hydrate  of 
caluum  while  their  sulphatts  nitrates  and  chlondes  are  less 
soluble  thin  those  f  cnlcium  Sulphate  of  barium  is  a!n  st 
absolutely  insoluble  in  water,  and  sulphate  ot  strontium  is  onlj 
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eery  slightly  soluble  Sulphate  of  banum  is  found  native  lome 
times  in  cDnsidciable  masses,  as  a  very  heavi  white  mineral 
cxllei  bari/tes  which  when  powdered  la  largely  employed  for 
adulterating  white  lead  Ihe  name  biinum  comes  fiom  a  Greek 
word  mean  ng  heavy 

From  the  carb  nates  of  etrmtiuni  and  banum  the  caibonic 
a  id  cannot  readilv  be  diivcn  off  1-yheat  alone  though  when 
mi'^ed  with  oh^icoal  and  then  ignited  these  c  irb  nates  may 
le  reduced  to  oxides  A  better  way  of  prepinng  the  oxides  is 
to  heat  the  nitiatta  stiongly  in  a  jorcelam  crucible  or  retort 
Unlihe  hydrate  of  calcium  hydrate  of  1  irmra  does  not  give 
off  its  watei  at  the  ttmperature  ot  relness  1  ut  melts  without 
undcigomg  decompositi  n  Trom  hydrite  ot  ationtium  thewat«r 
ni<t\  he  expelled  by  heat  though  with  difficulty  Peroiide  of 
1  arium  (BaO  )  is  f  f  interest  since  by  means  of  it  peroxide  of 
hydrogen  (i;  hi)  and  antizone  {§  177j  miy  be  prepared 

568  In  order  to  obtai  i  peroxide  of  barniin  i  mixtuie  of  1 
pait  of  oxide  tf  birium  and  4  parts  of  chlrrate  of  potas  mm 
may  be  thronn  little  by  little  into  a  emcibJe  heated  to  low 
redne  s  and  the  fused  mis  s  iVsp  juently  w  ished  with  water  to 
remote  chic  ride  of  polas  lum  or  a  current  of  oxygen  gas  or 
of  air,  mil  be  made  to  flow  over  oxide  of  banum  heated  to  low 
redness  in  a  porcelain  ti  be  As  thus  piepared  the  peroxide  is 
aever  pure  being  mixed  with  more  or  leii  pi  toside  P  loxide 
of  barium  decomposes  with  evol  ition  jf  x^gen  at  the  tempera- 
ture of  blight  relness  it  d  m  view  of  this  fiot  it  was  at  one  time 
proposed  to  emplov  the  substance  as  a  mems  ot  obtaming  puie 
oxy^n  frDm  the  at  u^on  the  large  acile  A  consilerable  i  um 
ber  of  tubes  chaigcd  with  ptotoxide  of  banum  having  been 
snitably  airanged  in  furnaces  half  of  the  tubes  wcie  heated  to 
dull  redness  and  a  current  of  air  ^^as  made  to  flow  through 
them  until  the  protoxide  had  been  conveited  into  peroxide 
the  current  of  oir  was  then  transferred  to  the  other  tubes  while 
the  first  senes  was  put  in  conuexion  with  a  gas  holder  and 
leited  to  bright  red  ess  until  the  aeeond  atom  of  oxygen  had 
been  driven  out  The  second  se  aes  of  tubes  weie  next  depnved 
of  o^vge^  while  the  tul  es  of  the  first  senes  weie  put  to  theit 
aid  work  of  absorbing  oxygen  from  the  air.     The  process  thus 
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became  a  continuous  one,  and  wais  really  capable  of  furnisiiing 
large  quantities  of  oxygen ;  it  haa,  however,  been  superseded  by 
cheaper  methods  (§  242), 

Strontium  salts  are  commonly  prepared  from  the  native  car- 
bonate, a  mineral  called  strontiainte,  while  the  various  salts  of 
barium  aro  obtained  either  from  the  native  carbonate  (withente), 
or  more  commonly  from  the  sulphate.  The  finely  powdered  sul- 
phate, after  having  been  mixed  with  powdered  charcoal  and  oil, 
is  strongly  heated  in  a  covered  crucible,  and  so  reduced  to  the 
condition  of  sulphide  of  barium ; — 

BaSO,  +  4C  =  BaS  +  4C0. 

Sulphide  of  barium  is  readily  soluble  in  water,  and  on  being 

treated  with  chlorhydrie,  nitric,  or  any  other  acid,  it  decomposes, 

sulphuretted  hydrogen  is  given  off,  and  there  is  formed  chloride 

of  barium,  or  some  other  salt,  according  to  the  acid  employed  :— 

BaS  +  2HC1  =  BaCa,  +  H^S. 

Several  of  the  compounds  of  barium  are  useful  reagents  in  the 
chemical  laboratory.  Sulphate  of  barium  is  employed  as  a  pig- 
ment by  artists  in  water-colors,  under  the  naiao  ^jecJi ("««"(  wliile, 
also  in  the  finishing  of  paper,  pasteboard,  &e.,  and  for  adulterating 
white  lead.  As  a  water -color  it  is  valuable,  since  it  is  scarcely 
at  all  acted  upon  by  any  chemical  agent ;  but  when  ground  with 
oil  it  becomes  translucent,  and  seriously  impairs  the  opacity  or 
covering  power  of  the  better  pigments  with  which  it  is  mixed. 

Compounds  of  barium  and  of  strontium  are  employed  in  the 
preparation  of  fireworks,  for  obtaining  green  and  crimson  flames 
respectively : — 

The  green  batium-flame  may  be  well  shown  by  mixings  with  the 
fingers  a  grRmme  of  powdered  chlorate  of  barium  with  half  a  gramme 
of  flowers  of  sulphur,  and  strewing  the  mixture  upon  a  glowing  coal. 
The  green  fire  of  the  pj'rotechnists  may  be  prepared  by  mixing  together 
■58  parts  of  nitrate  of  barium,  13  parts  of  sulphur,  6  parts  of  chlorate 
of  potassium,  and  2  parts  of  charcoah 

To  exhibit  the  red  strontium-fiame,  a  mixture  may  be  prepared  bj 
rubbing  together  in  a  mortar  30  parts  of  anhydrous  nitrate  of  strou- 
tiitm,  10  parts  of  powdered  sulphur,  and  3  parts  of  sulphide  of  anti- 
mony; and  to  this  mixture  may  be  added,  with  tlie  hand,  taking  care 
to  avoid  all  violent  friction,  7  parts  of  powdered,  fused  chlorate  ot 
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potaagiiim.  The  mixture  may  then  be  shaken  loosely  upon  a  piece  of 
sheet  ivon  and  touched  with  a  lighted  stick  or  glowing  coal. 

Or  the  color  may  he  shown  upon  a  smaller  acale  hy  operating  as 
follows  ; — 

Mcp.  294. — By  means  of  iron  wire,  suspend  three  small  bullets  of 
well-burned  coke  from  a  ring  of  the  iron  stand.  Heat  the  fragments 
in  turn  with  the  flame  of  the  gas-lamp,  and  observe  the  slightly  yel- 
lowish flame  which  will  be  produced  in  each  ease  ;  then  moisten  one 
of  the  pieces  of  coke  with  a  solution  of  chloride  of  calcium,  the  second 
with  a  solution  of  chloride  of  bai'ium,  and  the  third  with  a  solution  of 
nitrate  of  strontium,  and  again  heat  them  in  turn  ■with  the  gas-flame. 
The  calcium  salt  will  impart  a  reddish-yellow  color  to  the  flame,  the 
barium  salt  a  green  color,  and  the  strontium  salt  a  beautiful  crimson. 
Instead  of  thebitsof  coke,  platinum  wire  might  of  course  be  employed, 
asm  Exp  202 

569  As  appears  abunilantly  fiom  the  foregoing,  the  three 
c  ements  CdJcmm,  btiontium,  and  bauum  ate  mtimattlj  rehfid 
one  to  the  other,  and  are,  as  a  timilt,  clearly  distinguished  in 
several  impoitant  pniticulars  from  the  mctils  of  the  preceding 
group  Even  before  the  mctab  of  this  lamily  were  diauDveied 
ajid  isolated,  it  had  long  been  customai  >  among  (.hemists  to  speak 
of  the  oxides  of  calcium  strontium,  and  baniins  as  the  ali-altne 
eatths.  111  contradistinction  ftom  the  "alkaliis, '  poti^h  and  soda, 
upon  the  one  hand,  and  the  "earths,'  such  as  the  oxidts  of 
magnesium  inil  aluminum,  upon  the  other 

Eidi  of  the  membeis  of  the  alkabno  earthy  group  now  m 
question,  decomposes  wuter,  even  at  the  ordinary  temperature, 
t iking  iway  its  oxjgen  ,  and  each  of  them  forms  two  oxides— a 
neufial  insoluble  binoiide.  belonging  to  the  class  ol  antozonidea 
(§  182),  and  a  more  or  less  soluble  pluto^.lde,  acting  as  a  powerful 
base;  their  carbonates  and  eulphat<-"i  aie  ill  difficultly  soluble, 
and,  like  the  other  compounds  of  the  three  metab,  are  isomcr- 
phoua  with  one  another.  In  a!l  their  compounds,  there  may  be 
seen  the  same  progression  of  properties  which  has  been  met  with 
in  the  groups  previously  studied.  The  barium  compound  will 
always  be  found  at  one  end  of  the  scale,  the  calcium  compound 
at  the  other,  and  the  strontium,  compound  interposed  between  the 
two.  The  hydrate  and  the  carbonate  of  calcium  are  both  readily 
destroyed  by  heat,  while  the  corresponding  strontium  compounds 
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are  decomposed  witli  difficulty,  and  the  barium,  compounds  only 
at  exceedingly  high  temperatures.  Tkc  solubility  of  the  oxidca 
diminishes  as  we  pass  from  baryta  to  lime,  while  that  of  the  snl- 
pbafes  and  carbonates  follows  the  inverse  order.  The  specific 
gravities  of  the  metals  are,  Ca=l-6,  Sr=2-6,  Ba=4  ;  and  their 
atomic  weights  are  40,  87'5,  and  137  respectively,  that  of  stron- 
tium being  nearly  the  mean  of  the  other  two.  The  specific 
gravities  of  their  carbonates  and  sulphates  are  as  follows ; — 
CaCO,  (airagonite)  =2-95,  SrCO,=3'6,  BaCO,=4-33;  CaSO^= 
2-33,  SrSO,=3-89,  and  BaS0^=4-4.  It  should  be  observed  that, 
in  all  these  cases,  the  specific  gravities  of  the  strontium  com- 
pounds approximate  closely  to  the  mean  of  the  speciflo  gravities 
of  the  corres finding  barium  and  calcium  compounds.  The  same 
remark  applies  also  to  the  specifio  gravities  of  ibe  three  metals, 

570.  Almost  all  the  lead  which  is  employed  in  the  arts  is 
extracted  from  sul])hido  of  lead.  PbS,  the  mineral  galena.  This 
substance  is  tolerably  abundant  in  many  localities,  and  is  often 
associated  with  sulphate  of  barium,  fluor-spar,  quartz,  and  other 
common  minerals;  it  almost  always  contains  a  small  proportion 
of  sulphide  of  silver.  In  order  to  obtain  metallic  lead  from  ga- 
lena, this  mineral  is  mixed  with  a  small  quantity  of  lime,  and 
then  roasted  at  a  dull-red  heat  in  the  ttame  of  a  reverberatory 
furnace.  A  portion  of  the  sulphur  burns  off  as  sulphurous  acid. 
Some  oxide  of  lead,  and  more  or  less  sulphate  of  lead  ii  formed, 
while  much  of  the  ore  remains  undecoraposed.  After  a  time,  the 
roasting- process  is  iiitemipted.  air  is  excluded  from  the  furnace, 
the  oxide,  sulphate,  and  sulphide  of  lead  are  thoroughly  mixed 
together,  and  the  heat  of  the  furnace  is  suddenly  raised.  The 
und  I 'composed  sulphide  of  lead  then  reacts  upon  the  oxide  and 
sulphate,  suiphuroua  acid  is  given  off,  and  metallic  lead  produced. 
The  reactions  may  be  thus  formulated  r — 

2PbO    -f-  PbS  =  SPb  -I-   SO,. 
PbSO,  +  PbS  =  2Pb  +  2S6,. 

The  lime  is  added  for  the  purpose  of  forming  a  fusible  slag 
with  any  siliceous  matter  which  may  be  present  in  the  ore. 

Lead  is  a  remarkably  soft  metal,  of  bluish-white  color;  it  can 
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be  readily  cut  with  a  knife,  and  may  even  be  indented  with  the 
finger-nail ;  it  Boils  paper  upon  which  it  is  rubbed.  Its  apecifio 
grayity  is  11-4,  and  its  atomic  weight  207.  It  may  be  drawn 
into  wire,  and  beaten  into  sheets,  though,  as  contrasted  with  most 
of  the  other  metals,  it  has  hut  little  tena«;ity.  In  comparison  with 
other  metals,  it  is  a  rather  poor  conductor  of  heat  and  electricity. 
It  mclta  at  about  325°,  and  contracts  considerably  in  passing  from 
the  liquid  to  the  solid  condition.  Its  speeific  heat  is  0'0314. 
Solid  lead  expands  greatly  when  heated,  though  the  heat  he  not 
carried  near  to  the  melting-point,  and  the  expanded  metal'does 
not  return  again  to  its  original  dimensions  when  eoeled.  Melted 
lead  begins  to  emit  vapors  at  a  red  heat,  and  at  very  high  fem- 
perattirea  the  metal  may  even  be  distilled.  Lead  may  be  obtained 
ciystallized  in  octahedrons,  by  slowly  cooling  the  molten  metal. 

The  ready  crystallization  of  lead  furnishes  a  very  simple  method 
of  separating  this  metal  from  the  silver  with  which  crude  lead  is 
almost  always  contaminated  as  it  comes  from  the  smelting  fur- 
naces. When  melted  argentiferous  lead  is  allowed  to  cool  slowly, 
and  is  at  the  same  time  briskly  stirred,  a  quantity  of  solid  crys- 
talline grains  separate  out  after  a  whUe,  and  sink  beneath  the 
liquid  metal,  whence  they  may  be  dipped  out  in  cullenders. 
These  crystals  are  composed  of  lead  nearly  free  from  silver,  while 
all  but  a  trace  of  the  silver  contained  in  the  original  lead  is  left 
in  that  portion  of  the  metal  which  has  not  yet  solidified ;  in  a  word, 
the  alloy  of  lead  and  silver  melts  at  a  lower  temperature  than 
pure  lead.  By  methodically  remelting  and  recrystaUizing  the 
lead  crystals  on  the  one  hand,  and  the  silver  alloy  on  the  other, 
it  has  been  found  profitable  to  extract  the  silver  from  lead  so  poor 
that  it  contained  less  than  one  thousandth  part  its  weight  of  the 
precious  metal. 

When  in  thick  masses,  such  as  the  common  sheets  and  pipes  of 
commerce,  lead  is  scarcely  at  all  acted  upon  by  cold  sulphuric 
acid,  and  is  but  slowly  corroded  by  chlorbydric  acid.  Both 
these  acids  form,  by  uniting  with  lead,  difficultly  soluble  salts ; 
and  so  soon  as  a  layer  of  the  salt  has  once  been  deposited  upon 
the  surface  of  the  metal,  the  latter  is  thereby  protected  from 
further  corrosion.  By  hot,  concentrated  aulphnric  acid,  however, 
lead  is  dissolved  rather  easily.      The  best  solvent  of  metallic 
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lead  is  diluted  nitric  acid;  strong  nitric  acid  will  not  dissolve  it 
readily,  since  nitrate  of  lead  is  well  nigh  insoluble  in  concen- 
trated nitric  acid,, 

571.  Oxides  of  Lead. — When  a  compact  piece  of  metallic  lead 
is  freshlj-  cut,  it  exhibits  considerable  lustre,  and  this  lustre  may 
mpaired  by  keeping  the  lead  in  perfectly  dry  air, 
I  the  surface  of  pure  water  free  from  air  (§  47).  But 
by  exposure  to  ordinary  air  the  brilliant  surface  soon  tarnishes,  in 
consequence  of  the  formation  of  a  thin  coating  of  suboside  of  lead; 
this  incrustation  protects  the  metal  beneath  from  further  oxida- 
tion. Finely  divided  lead,  on  the  contrary,  soon  changes  com- 
plet«ly  to  suboxide  when  exposed  to  the  air.  If  the  metal  he  tine 
enough,  it  will  oxidize  instantaneously,  with  evolution  of  light 
and  beat,  and  formation  of  yellow  protoxide  of  lead. 

£xp.  295. — Prepare  a  small  quantity  of  tartrate  of  lead,  as  follows. 
Dissolve  0-2o  grra.  of  common  engar  of  lead  (acetate  of  lead)  in  8  or 
10  c.  a  of  water,  also  dissolve  O'l  grm.  of  tartaric  acid  in  4  or  5  c.  c 
of  water,  end  mis  the  two  solutions.  Collect  upon  a  filter  the  white 
precipitate  of  tartrate  of  lead  which  will  be  formed,  wasli  it  with 
water,  tien  unfold  the  filter  and  spread  it  out  with  its  contents  to  dry 
in  the  air,  or,  better,  at  a  gentle  beat  upon  a  ring  of  the  iron  stand,  high 
above  a  single  gas-fiame. 

Fill  an  ignition-tube  one-third  full  of  the  dry  tartrate  of  lead,  and 
heat  it  upon  a  sand-bath  so  long  as  any  fumes  escape,  then  cork  the 
tube  tightly  and  set  it  aside  to  cool.  Holding  the  cooled  tube  high 
in  the  air,  sprinkle  its  contents  upon  aplale,  and  observe  that  the  black 
powder  takes  fire  spontaneously,  and  bniTis  with  a  red  flash.  The 
composition  of  tartrate  of  lead  may  be  represented  by  the  formula 
OjHjPbgOg;  on  being  heated  this  substance  gives  off  water  and  car- 
bonic oxide,  as  may  be  seen  by  lighting  the  fumes  which  escape  from 
tlie  tube,  and  there  is  left  as  a  residue  an  intimate  mixture  of  carbon 
andofmetalUcIead,  so  finely  divided  that  it  inflameain  ordinary  air.  A 
spontaneously  inflammable  mixture  such  as  this  is  called  s-pyrophonts. 

672.  Lead  is  far  more  readily  oxidized  by  the  continued  action 
of  air  and  water  than  by  ordinary  moist  air,  "When  exposed  to 
the  simultaneous  or  alternate  action  of  these  agents,  a  coating  o£ 
the  white  bydrated  protoxide  of  lead  is  rapidly  formed  ;  but  as 
this  compound  is  somewhat  soluble  in  water,  it  is  continually  dis- 
solved away  and  affords  little  or  no  protection  to  the  lead  beneath. 
The  TOrrosive  action  of  water  upon  lead  is  modified  very  mate- 
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rially  by  the  presence  of  small  quantities  of  various  saline  sub- 
stances. Water  containing  traces  of  nitrates,  nitrites,  and  chlo- 
rides corrodes  lead  more  rapidly  than  pure  water,  while  the 
corrosive  action  of  pui-e  water  appears  to  be  diminished  by  the 
presence  of  sulphates,  phosphates,  and  carbonates,  oxide  of  lead 
being  scarcely  at  all  soluble  in  water  which  contains  these  salts  in 
solution,  Water  contaiu in g  a  solution  of  carbonate  of  calcium  in 
carbonic  acid,  such  as  is  frequintly  met  with  in  nature,  has  been 
found  to  have  remarkably  little  action  upon  lead;  in  such  water 
a  coating  of  insoluble,  or  nearly  insoluble  carbonate  of  lead  is 
formed  upon  the  metal,  which  protects  it  from  further  action. 
But,  on  the  other  hand,  water  whidh  contains  much  free  carbonic 
acid  dissolves  away -the  protective  coating  and  exposes  fresh  sur- 
faces of  lead  to  corrosion.  As  a  general  rule,  the  acids,  even  when 
very  dilute,  greatly  accelerate  the  oxidation  of  lead  in  the  air ; 
and  the  same  remark  is  true  of  organic  substances  and  of  metak, 
the  first  by  their  decay,  the  second  by  the  galvanic  action  which 
their  presence  excites. 

Since  solutions  of  lead  are  poisonous,  and  since  the  metal  is 
employed  to  an  enormous  extent  for  cisterns  and  conduits,  a 
knowledge  of  the  action  of  water  upon  lead  is  very  important  in 
asanitarypoint  of  view.  The  question  has  consequently  engaged 
the  attention  of  many  chemists,  and  has  been  much  discussed. 
It  has  been  proved  by  numberless  experiments  that  the  action  of 
natural  watere  upon  lead  is  eo  general  that  it  is  rare  to  find  any 
sample  of  water,  which  has  been  kept  in  a  leaden  cistern,  wholly 
free  from  traces  of  that  metal.  The  opinion  of  most  chemists  is  at 
this  time  (1867)  decidedly  adverse  to  the  use  of  leaden  water-pipes 
in  houses,  in  spite  of  the  fact  that  the  metal  is  nowadays  employed 
for  this  purpose  almost  everywhere  with  apparent  impunity. 

"When  lead  is  melted  in  the  air  it  oxidizes  readily,  with  for- 
mation at  first  of  gray  suboxide,  and  afterwards  of  the  yellow 
protoxide. 

573.  Sulo^^ide  of  Lead  (Phfi)  may  be  prepared  in  a  state  of 
purity  by  cautiously  heating  oxalate  of  lead  at  a  temperature  not 
exceeding  300°  in  a  retort  from  which  air  is  excluded,  so  long  as 
any  gas  is  evolved  ; — 

2PbC,0,  =  ?b,0  +   CO  +  SCO,. 
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After  the  retort  has  become  cold,  suboxide  of  lead  will  he  found 
in.  it  as  a  black  velvety  powder  It  13  decomjiosed  bj-  icido  with 
formation  of  salts  of  protoxide  of  leid,  and  separation  of  metalltc 

j)74.  Proto.vide  of  Lead  (PhO)  commonly  called  hlhnrqt,  ma-( 
be  obtained  as  a  lemon-yellow  powder  bj  gently  istniting  nitrate, 
cai'bonate,  or  oxalate  of  lead  upon  an  iron  platt,  or  m  an  open 
porcelain  crucible.  The  oxide  tuscs  at  a  red  heat,  ind  when 
melted  in  vessels  of  porcelain  01  eaithenwdre  it  rapidly  destroys 
them  by  combining  with  their  silica,  an  easily  fusible  slag  01 
glass  composed  of  double  silicates  of  lend,  aluminum,  iron,  &i. 
being  formed.  Silieate  of  lead  is  an  actual  (.onstitnent  of  the  easilj 
'  fusible  variety  of  glass  known  as  fbnt  glass  (see  §  492,  and  Ap- 
pendix, §  3). 

In  the  arts,  litharge  is  prepared  upon  the  large  scale  by  heating 
metallic  lead  in  a  current  of  air  ;  the  color  and  texture  of  the  pro- 
duct varies  considerably  according  to  the  temperature  and  the 
other  conditions  under  which  it  has  been  prepared. 

Exp.  296. — Heat  a  small  fragment  of  lead  upon  charcoal  in  the 
oxidizing-  flame  of  the  blowpipe,  and  observe  the  gray  film  of  siib- 
oside  which  forms  at  first,  and  tbe  yellow  incrustation  of  litharge 
which  is  obtained  saliseqaently.  The  litharge  may  be  melted  if  a 
strong,  hot  flame  be  thrown  upon  it. 

This  property  of  lead,  of  rapidly  oxidizing  when  heated  in  the  air, 
taken  in  connexion  with  the  easy  fusibility  of  Ihe  oxide,  is  the  basis 
of  the  common  method  of  separating  lead  and  silver  ia  the  hu^  way, 
known  as  cupellatioa.  The  iridescent  film  of  litharge  continually 
formed  upon  the  surface  of  the  molten  metal  as  incessantly  flows  oflj 
exposing-  new  surfaces  of  the  metal  to  the  action  of  the  air.  The 
silver,  on  the  other  hand,  undergoes  little  or  no  change,  and  when  the 
lead  has  been  completely  burned  the  silver  appears  in  al)  its  brilliant 
whiteness. 

The  cupel  is  a  shallow  cup  or  basin,  composed  either  of  marl  or  of 

mixture  of  bone-ash  and  wood-ashes  firmly  compacted  and  beaten  to 
a  smooth  surface,  which  may  be  placed  either  in  the  muffle  of  an  assay 
furnace,  upon  the  hearth  of  a  reverberatory,  or  in  any  position  where 
it  can  be  strongly  heated  at  the  same  time  that  a  iree  current  of  air 
plays  over  its  surface.  A  charge  of  argentiferous  lead  having  been 
melted  upon  the  cupel,  new  portions  of  the  lead  are  added  as  fast  as 
the  melted  litharge  flows  off  from  the  convex  surface  of  the  metal  and 
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mates  room  for  these  RdJitions,  until  an  alloy  very  licit  m  silver  haa 
been  obtained  This  alloy  is  then  cupelled  intil  tlit  la'it  ti-aces  of  lead 
have  Ijeen  re  inved  and  tte  silver  la  left  pu  e  an  i  g  latening.  In 
cupelling  u[c  the  ■imill  scale  for  ].urposes  t  a^tavmn-  the  cupel  is 
made  of  bone  ash  ot  such  quality  that  the  lithirge  may  be  absorbed 
into  the  subatance  ot  the  cup^l  and  not  flow  off  through  gutters  upon 
its  edge,  as  lathe  casein  laigemetalluTfjieal   perati  na 

575.  Profoxile  of  ieicl  unite*  readily  «it!i  icids  and  forms 
many  important  salts  ^\hell  in  the  state  o£  powier,  it  even 
absorbs  a  CLitiin  amount  cf  carh  nie  acid  fi  m  tho  air;  hence 
the  powderel  litharge  of  commtrce  alwajs  ccntaiiis  more  or  less 
carbonate  ot  leal  and  therefore  effervesces  on  Vcmg  treated  with 
acids,  as  his  been  seen  in  Exp  42  As  a  gcneial  rule,  it  is  far 
better  to  piepare  the  salts  ot  lead  by  disiohmg  the  protoxide  iu 
acids,  than  to  treat  the  metal  itself  with  acids.  Protoxide  of 
lead  has  a  remarkable  tendency  to  form  basic  salts ;  thus  besides 
the  normal  nitrate  (PbO.N'^O,)  there  is  a  dinitrate  (2PbO,N,OJ, 
atrinitrate  (3PbO,N.,0,),  a  tetranitrate  (4Pb0,N^0j),  and  a  hexa- 
nitrate  (6PbO,N^O.). 

Though  a  strong  base  as  regards  the  acids,  protoxide  of  lead 
behaves  like  an  acid  towards  the  alkalies  and  alkaline  earths. 
For  example,  it  dissolves  readily  in  soda  or  potash  lye,  with  for- 
mation of  plumbite  of  sodium,  or  of  potassium,  as  the  case  may 
be.  The  term  plumbite,  like  the  symbol  of  lead,  Pb,  is  derived 
from  plumhum,  the  Latin  name  of  the  metal. 

576.  Peroxide  of  Lead  {VhQ^  may  be  prepared  by  oxidizing 
the  protoxide — for  example,  by  passing  a  current  of  chlorine  gas 
through  Trater  in  which  protoxide  of  lead  is  kept  suspended  by 
agitation,  or  as  follows ; — 

Exp.  207. — Place  8  or  10  grms.  of  very  finely  powdered  sugar  of 
lead  in  a  capacious  porcelain  dish,  cover  the  salt  with  a  filtered  solu- 
tion of  bleaching-powder  (§  563),  heat  the  solution  to  boiling,  and 
mwntain  it  at  this  temperature,  until  the  escaping  vapors  smell 
strongly  of  acetic  aeid ;  then  pour  the  contents  of  the  dish  upon  a 
filter,  and  wash  with  water  the  dark-brown  powder  of  peroxide  of 
lead  which  has  been  formed. 

Peroxide  of  lead  may  be  easily  obtained  also  by  digesting  red  lead 
with  dilute  nitric  acid,  as  will  appear  in  the  following  paragraph. 
Peroxide  of  lead  is  a  powerful  oxidizing  agent ;  it  readUy  gives 
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up  oxygen  to  many  oi^anic  eulistancea,  even  at  the  ordinary 
temperature  of  the  air.  On  being  heated  to  redness,  it  loses  half 
its  oxygen,  and  is  converted  into  the  protoxide. 

£rp.  298.— In  a  small  porcelain  mortar,  rub  tofretber  a  mixture  of 
1  grm.  of  oxalic  acid,  and  1  gnn.  of  peroxide  of  lead.  Decomposition 
will  occur,  aqueous  vapor  and  carbonic  acid  will  be  given  off,  and  car- 
bonate of  lead,  PbCOj,  wiU  be  left  aa  a  residue.  Wbeu  the  peroxide 
is  thus  mixed  with  one-eig'htb  its  weight  of  sugur,  or  with  one-sixth 
its  weight  of  tartaric  acid,  so  much  beat  is  developed,  that  the  mass 
in  the  mortar  glows. 

Peroxide  of  load  is  decomposed  by  ehlorhydrie  acid,  with  hho- 
ration  of  chlorine,  and  formation  of  normal  chloride  of  lead— 

PbO^  +   4HC1  =  PbCl^  +  2H^0  -|-   2CI, 
^atid  by  hot  snlphuric  acid,  with  evolution  of  oxygen.    It  com- 
bines with  sulphurous  acid  readily,  and  is  often  employed  in  the 
laboratory  as  an  absorbent  of  this  gas ;  and  it  is  noteworthy  that 
the  product  of  this  combination  is  sulphate  of  lead : — 
PbO,  -I-  80,  =  PbSO.. 
It  IS  indiff  lent  theiefoie  whether  we  put  together  peroxide 
of  leid  and  sulphur  us  icid  or  protoxide  of  lead  and  sulphurie 
acid     thL  proiuct  w  11  in  eithei  ease,  be  common  sulphate  of 
lead    for 

PbO  -1-  SOj  =  PbSO,. 
As  a  rule,  peroxide  of  lead  docs  not  readily  enter  into  combi- 
nation with  acids,  though  compounds  of  it  with  aeetie,  phos- 
phoric, arsenic,  and  some  other  aeids  have  been  obtained.  With 
strong  bases,  however,  it  combines  readily,  forming  salts  known 
as  plumb  ates, 

577.  Bed  Lead  or  Mimum.—'Whea  protoxide  of  lead  is  kept 
at  a  low  red  boat  for  some  time,  in  contact  with  air,  it  gradually 
absorbs  one  or  two  per  cent,  of  oxygen,  and  acquires  a  brilliaat 
red  color.  The  product  of  this  oxidation  is  extensively  used  as  a 
pigment  and  in  the  mauufaoture  of  some  kinds  of  glass  ware;  it 
may  be  regarded  as  a  compound  of  PbO  and  PbO,,  in  varying 
proportions.  By  digesting  it  for  some  time  in  dilute  nitric  acid, 
the  protoxide  of  lead  may  all  bo  dissolved  out  and  converted  into 
nitrate  of  lead,  while  the  peroxide  of  lead  is  left  as  a  residue ; — 
2PbO,PbO,  -I-  2H^N,0,  =  2PbN,0.  +  2H,0   -!-   PbO.,. 
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Exp.  299. — Heat  in  an  iron  apoon  4  grms.  of  litbarge  and  1  grm.  of 
chlorate  of  potassium,  and  observe  that  the  color  of  tlio  mixture  boou 
changes  from  yellow  to  ted.  'I'hrow  the  cooled  product  npon  a  filter, 
■wash  it  with  water,  then  dry  it  and  compare  its  color  with  that  of  the 
original  litharge.  In  this  experiment,  the  red  lead  could  be  obtained 
08  well  hj  simply  heating  litharge  without  admixture  in  the  air  for 
manj  hours,  at  a  temperature  just  below  its  melting-point ;  time  alone 
is  gained  by  employing  chlorate  of  potasaum  aa  the  aource  of  oxygen 
For  commercial  purposes,  red  lead  is  obtained  by  heating  metallii,  lead 
in  reverberatory  furnaces,  or,  when  a  very  puie  article  is  needed,  by 
heating  carbonate  of  lead. 

When  heated  strongly,  red  lead  is  rciolvtd  into  proto\ide  of  lead 
and  free  oxygen.  Oxygen  gas  may  be  piepired  from  it  in  the  same 
manner  as  from  oxide  of  mercury  (Kxp  5j,  ihough  at  a  highei  tcm- 
pemtiire. 

578.  Sesquioajide  of  Lead  (I'bjOj)  w  recognized  as  a  distinct 
oxide  by  some  chemists,  but  is  more  geiieially  regarded  as  » 
componnd  of  the  proto-  and  peroxides  PbO,  PbO^, — a  plumbate 
of  lead. 

579.  Sulphides  of  Lead. — ^Thera  are  Beveral  of  these  com- 
pounds, but  the  protosulphide,  PbS,  is  the  only  one  whose  com- 
position is  accurately  known  This  sulphide  ii  the  natiyo  mineral 
galena  {§  570)  it  ma'V  be  prepared  artificially  either  by  melting 
together  lead  and  sulphur  m  atomic  proportions  or  by  treating 
the  solution  of  any  1  ad  salt  with  sulph\dnc  acid  (§  209)  The 
native  miner il  like  the  ojrapound  obtained  artificially  by  waj  of 
fusicn  13  ot  a  Iciden  gray  color  ot  7  5  specific  giavily,  but  the 
preLipitato  which  forms  when  sulph^dnc  acid  la  iddcd  to  the 
solution  of  a  lead  salt,  js  llafk,  or  biown  or  even  ud  if  the 
solution  be  dilute  On  account  of  the  deep  coljr  as  well  as  the 
insolubility  ot  this  jrecipitate,  sulphyduo  acid  is  often  made  use 
of  as  a  mems  of  detecting  lead  th(  test  is,  in  fact  so  delicdte 
that  soluticna  containing  only  a  hundred  tl  onsandth  of  thoir 
weight  of  metallic  lead  will  assume  a  brown  color  on  being 
charged  with  sulphuretted  hydrogen 

JErp  300 — DiBSolye  quarter  of  a  gnmme  of  flugai  oflead  in  41itres 
of  water,  add  to  the  solrition  a  few  drops  of  nitnc  acid  so  that  it  shall 
exhibit  a  ffdnt  acid  reaction  with  litmus-paper,  pass  into  the  solution 
a  current  of  sulphydric  acid  gas  until  the  solution  smella  strongly  of  it 
and  observe  the  brown  color  imparted  to  the  fluid  after  some  time. 
-2k 
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In  festin;^  for  (te  pres-ence  of  lend  in  axcesshely  dilnte  solution?, 
such,  for  example,  rh  water  drawn  from  leaden  pipes,  it  ia  well  to 
evnpoTnte  the  liq^uid  to  a  Emnll  bulk  in  a  porcekin  dish,  to  acidukta 
the  concentrated  liquor  very  slightly  with  nitric  acid,  and  then  to 
transfer  it  to  a  beaker  glass.  The  liquid  should  then  be  saturated 
with  sulphuretted  hydrogen  gas,  the  beaker  covered  with  a  glass  plate, 
snd  left  to  stand  during  several  hours  in  a  moderately  warm  room. 
If  lead  be  present,  it  will  be  indicated  after  a  while  either  by  the 
brown  colorarion  of  the  liquid,  or  by  the  actual  separation  of  a  black 
powder  at  tliu  bottom  or  upon  the  sides  of  the  glass. 

580.  Sulphide  of  lead  is  volatile  at  high  temperatures,  and  is 
often  found  in  the  cracks  and  upon  the  walls  of  smelting  fur- 
naces, in  the  form  of  eryatals,  which  have  been  deposited  by  sub- 
limation By  virtue  of  the  volatility  of  its  sulphide  lead  may  be 
transpoited  to  very  consilerable  di^tince'^  frDm  furnaces  where 
ores  contain  ng  galena  are  roasted  or  reduced  It  his  been 
found  moieover  that  growing  plants  are  cjpable  of  taking  up 
the  lead  thus  deposittd  and  of  iissimiHting  a  certain  portion  of  it 
in  their  tiasue':  Comparative  expeuments  made  at  \cry  h  gh 
t*mpeiatun8  have  shown  that  galena  may  lose  as  much  as  d  7 
per  cent  of  its  weight  by  volatilizitiou  while  metallic  leal,  ex- 
posed to  the  "iame  conditi  ns,  loises  less  thm  0  1  per  cent 

'sulphide  of  lead  like  the  (.ulphidis  of  the  ilkali  metah  and 
those  of  the  alkaline  earthy  metals  acti  as  a  s-ulphur  i  a'le 
with  sulphantimonic  aad  for  example,  it  unites  to  form  a  salt, 
3PbS  &bSj  analogous  to  that  formed  by  the  nnnn  d{  antimouic 
acid  and  oside  of  lead,  3PbO,SbO,. 

681.  Chloride  o/ £eacZ  (I'bCl,).— Metallic  lead  is  but  slowly 
acted  upon  by  chlorine,  or  by  chlorhydric  acid,  though  hot  cblor- 
hydrio  aiAd  diasolves  a  little  of  it  with  formation  of  chloride  of 
lead  and  evolution  of  hydrogen,  even  when  out  of  contact  with 
the  air;  the  chloride  may,  however,  bo  readily  prepared  by 
digesting  oxide  or  carbonate  of  lead  in  chlorhydric  acid,  or  by 
mixing  the  solution  of  almost  any  lead  salt  with  chlorhydric  acid, 
or  with  a  solution  of  some  soluble  chloride : — 

PbN.O,  +  2N"aCl  =  PbCl,  +  H"a,N,0,. 

Chloride  of  lead  is  but  sparingly  soluble  iu  cold  water,  and  is 
still  less  soluble  in  water  acidulated  with  chiorhydrie  acid ;  hence 
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it  may  read'ly  be  precipitated  aa  above  described,  and  collected 
upon  a  filter.  In  hot  water,  however,  it  dissolves  ratber  easily, 
and  it  is  somewhat  soluble  in  concentrated  acid  also. 

-Erp.  SOl.^Boil  together,  in  a  small  flaak,  1  grm.  of  litharge,  14 
RTms.  of  strong  chlorliydric  acid,  and  14  gnns.  of  water,  duiiriji'  15  on 
20  minutes.  Pour  the  mixture  upon  a  filter  supported  in  a  funnel 
which  has  been  gently  wanned  by  holding  it  over  the  flame  of  the 
Ras-lamo,  and  collect  the  cleai  filtrate  in  a  warm  bottle.  As  the  solu- 
tion cools,  lustrous  needle-shaped  crystals  of  chloride  of  lead  will 

JSxp.  302. — Pour  off  the  cold  supernatant  liquor  from  the  crystals  of 
chloride  of  lead  obtained  in  Exp  301,  place  the  crystals  upon  a  trag- 
ment  of  porcelain,  dry  them  at  a  gentle  heat,  and  finali}  heat  them 
more  strongly.  It  will  be  found  that  the  crystals  melt  very  ea-ily, 
and  that  on  cooling  they  solidify  to  a  soft  translucent  homj  mais, 
whence  the  old  name  of  this  substance,  horn-lead 

582.  The  compounds  of  lead  with  iodine  bromme  and  fluonne 
are  analogous  to  chloride  of  ieid  The  iodide  la  remarkable  on 
account  of  its  beautiful  yellow  color,  which  may  readilj  be  shown 
by  adding  a  drop  or  two  of  a  'iohition  of  iodide  of  potassium  to  a 
emal!  quantity  of  a  solution  of  nitrate  of  lead 

Of  the  numeroua  other  salts  of  lead  httlo  need  here  be  said 
The  nitrate  and  tartrate  have  already  been  prejiared  (Esps  42, 
295) ;  we  have  obtained  the  sulphate  also  aa  i  white,  nearlv 
insoluble  powder  by  adding  water  to  concentrated  sulphune  acid, 
and  it  may  be  had  in  any  quantitv  by  mixing  the  solution  of  a 
lead  salt  with  dilute  snlphnnc  acid  or  with  the  solution  of  a 
soluble  sulphate.  Acetate  of  lead,  one  of  the  most  important  of 
the  lead  salts,  and  the  one  most  readily  to  be  procured  in  com- 
merce in  a  state  of  purity,  is  pieparid  by  dissolving  oxide  of  lead 
directly  in  acetic  acid  such  as  ns  obtained  m  the  distillation  of 
■wood  (§  380),  or  indirectly  by  moistening  plates  of  metallic  leid 
with  vinegar  in  vessels  open  to  the  air  It  c^^stalllz«s  teadily, 
is  easily  soluble  in  water,  and  has  i  sweet,  astringent  taste, 
whence  the  name,  sut/ar  of  lead  Like  the  other  lead  silts,  it  is 
highly  poisonoas.  It  is  employed  for  many  purposes  m  the  arts, 
and  is  in  particular  much  used  in  medicine  Carbonate  of  lead 
(PbCOg),  or  rather  compounds  of  carbonate  of  lead  and  of  hi  diat« 
of  lead  in  varying  proportions,  are  used  to  an  enormous  extent  as 
2k2 
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a  white  paint,  nniler  tho  general  name  of  wJiHe  lead.  Tlie  com- 
position of  lliis  substance  may  usually  tie  expressed  by  a  foiTQula 
lying  within  the  limits  PbCOg,PbH,0^,  upon  the  one  hand,  and 
SPbCOj.PbH^Oj  on  the  other.  As  contrasted  with  the  other 
white  pigments  it  possesses  remarl^able  covering-power  and  dm'a- 
hility,  and  is  consequently  much  esteemed  in  spite  of  its  high 
cost,  its  injurious  influence  upon  the  health  of  wortmen  who 
have  to  do  with  it,  and  the  iaet  that  it  is  discolored  by  air 
containing  sulphuretted  hydrogen.  White  lead  is  often  adul- 
terated with  sulphate  of  barium,  with  oxide  of  zinc,  and  with 
gypsum.  It  is  usually  prepared  by  bringing  carbonic  acid,  ob- 
tained fi-om  decaying  vegetable  matter,  or  from  the  combustion  of 
fuel,  into  conbict  with  basic  acetate  of  leid  —the  latter  being  pre- 
paied  m  th      a  e     th      by  m  x    g  1  th  and     n  gar  to  the 

con'.i'itenco    f  a  past  by      i      ng     11     f    h    t  lead  to  the 

simultaneou       &  n     f    ap         f     n    ar    nd  ai  by  actually 

dissobmg  on         ss    f  1  th  n  Yin  S  m  t  mes  the  car- 

bonic acid  i  d  t  a  t  up  n  th  b  tate  at  the  ry  moment 
when  it  IS  bemo  formed,  while  t  h  tim  th  a  tate  is  pre- 
pared by  itself,  and  subsequently  treated  with  carbonic  acid. 

583.  Silicate  of  lead  is  of  interest  from  being  an  important 
ingredient  of  flint  glass ;  a  certain  proportion  of  it  renders  glass 
lustrous  and  very  beautiful.  Such  glass  is,  however,  soft,  easily 
fusible,  and  incapable  of  bearing  sudden  changes  of  temperature  ; 
it  is,  moreover,  rather  easily  acted  upon  by  alkalies,  acids,  and 
other  chemical  agents,  and  is  hence  comparatively  useless  in  the 
chemical  laboratory. 

584.  In  many  points  of  chemical  behavior  the  compounds  of 
lead  resemble  more  or  less  clearly  the  corresponding  compounds 
C'f  barium,  strontium,  and  calcium.  Its  componnds  are  moreover 
isomorphous  with  those  of  the  metals  in  question,  and  its  atom, 
like  the  atoms  of  these  metals,  is  bivalent.  Lead  is  therefore 
classed  as  a  member  of  the  calcium  group,  though,  as  is  the  ease 
with  fluorine  in  the  chlorine  group,  it  diff'ers  in  some  respects 
from  the  other  members  of  the  family.  The  specific  gravity  of 
leiid  is  11-4,  and  its  atomic  weight  207.     The  specific  gravity  of 

.  carbonate  of  lead  is  6-5,  and  that  of  sulphate  of  lead  is  6-2. 
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585.  Tills  metal,  or  rather  its  oxide,  was  formerly  classed  with 
the  group  which  comprises  the  alkaline  earths,  but  it  is  now 
known  to  be  more  closely  connected  with  zinc  and  cadmium  than 
with  any  other  of  the  elements.  It  is  found  widely  diffused,  and 
rather  abundantly,  in  nature.  The  bitter  tast«  of  sea-water  and 
of  some  mineral  waters  is  due  to  the  presence  of  magnesium  salts, 
while  silicate  of  magnesium  and  carbonate  of  magnesium  are  con- 
tained in  a  variety  of  mini.'ra!s  and  in  such  common  rocks  as 
dolomite,  serpentine,  soaps toae,  and  talc. 

586.  Metallic  magnesium  may  be  prepared  by  heating  anhy- 
drous chloride  of  magnesium  with  sodium  in  a  crucible  of  por- 
celain or  platinum,  and  subsequently  dissolving  out  in  cold  water 
the  chloride  of  sodium  which  results  from  the  reaction.  Mag- 
nesium is  a  lustrons  metal,  as  white  as  tin;  its  specific  gravity  is 
1-75,  and  its  atomic  weight  24.  It  does  not  tarnish  in  dry  air, 
though  in  damp  air  it  soon  becomes  covered  with  a  tilni  of  hy- 
drate of  magnesium.  It  melts  at  a  low  red  heat,  and  volatilizes 
at  Iiigher  temperatures ;  it  may  be  readily  distilled  at  a  bright 
red  heat.  When  heated  strongly  in  the  air  it  takes  fire  and 
bums  with  a  bluish-white  light  of  great  brilliancy  and  high 
aotinie  power.  The  metal  is  employed  by  photographers  for 
illuminating  caverns  and  other  places  into  which  sunlight  cannot 
penetrate,  and  in  cloudy  weather  it  is  even  used  by  them  as  a 
snbsfitute  for  daylight.  The  metal  can  be  pressed  into  ^vire  or 
into  thin  ribbous,  and  a  considoiable  quantity  of  it  is  now  used 
in  both  these  forms  for  purposes  of  illumination,  as  above  stated. 
Magnesium  lanterns  are  much  used  in  theatres  for  Oluminating 
scenery  and  tablea.us.  The  white  light  has  the  advantage  of 
showing  colors  just  as  they  look  by  daylight.  Por  scenic  effects 
the  light  may  be  modified  by  transmission  through  colored  glass. 
Magnesium  is  only  slowly  acted  upon  by  eold  water,  but  is 
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rapidly  oxidized  by  hot  water  and  by  water  acidulated  with 
ahuost  any  acid ;  oxide  of  magnesium  is  formed  and  hydrogen 
set  free. 

587.  Oande  of  Magnesium  (MgO). — There  is  hut  one  com- 
pound of  magnesium  and  oxygen ;  it  is  obtained  as  a  white 
amorphous  powder  when  magnesium  is  burnt  in  the  air,  or  when 
carbonate,  chloiide,  or  nitrate  of  magnesium  is  ignited. 

Erp.  303.— Roll  10  or  12  cm.  of  magnesium  wire  or  thin  ribbon 
into  a  coi!  around  a  small  pencil;  withdraw  the  pencil  end  place  in 
its  atead  a  piece  of  iron  wire  or  a  knitting -needle ;  holding  this  wire 
horizontally,  apply  a  hghted  match  to  the  end  of  the  magnesium  coil ; 
the  magnesium  ■will  burn  to  the  white  oxide,  which  coheres  in  an  im- 
perfect coil,  cUnging  to  the  iron  wire.  A  portion  of  the  oxide  goes  off 
as  white  smote.  The  raagnesiimi  wire  for  this  experiment  may  be 
prociued  at  toy-shops  as  well  aafdalrs      li        hm      1 

The  oxide  is  tasteless  and     i    1 
slight  extent  in  wat«r,  and  th       It       h 
The  specific  gravity  of  the  sol  d       d 
called,  varies  from  3-07  to  3  2  as  o       s 
being  very  strongly  ignited  it  b      m 
been  prepared  in  this  way  of  sp     fa 

The  light  powdery  oxide  of  m  "n       n 
magnesia,"  which  is  prepared  I  tl 

of  the  hydrated  carbonate,  d  ff  m  t 
cnlars  ftoni  the  more  compact  d  bt 
or  chloride  of  magnesium  at  h  gh  t  mp 

heating  the  powdery  oxide.     Cm  1   n  d  sia  is,  for 

example,  readily  soluble  in  ac  ds  t  t  ft  th  xid  has  been 
exposed  to  very  high  temperat  ir  t  d  1  h  t  1  wly  even  in 
the  strongest  acids.  Similar  differences  between  the  pre  ducts  ob- 
tained at  high  and  at  low  temperatures  are  met  with  among  the 
oxides  of  almost  all  the  metals  henatter  to  be  studied 

588.  A  compact  vanety  oi  oxide  of  miBiesium  obtiined  by 
heating  the  nitrate  or  chloiide  to  bright  redness  but  no  higher, 
exhibits  remarkable  hydraulic  properties  On  being  wet  it 
quickly  combines  with  a  portion  of  witer,  and  is  (.cn^eited  into 
a  eiystallized  hydrate  of  compact  textuie,  hirder  than  marble, 
and  of  great  durabihty. 
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A  mixture  of  equal  parts  of  tho  hjdraulic  maguesii  and  of 
chalk  or  powdaed  maible,  made  into  paste  witfi  n ater,  \ields 
a  slightly  plastic  mass,  which  admits  of  being  reidily  pre'ised 
into  any  desired  shape,  if  the  moulded  mdteiial  be  then  placed 
in  water  it  will  become,  after  some  time,  eitremely  hard  and 
compact  (§  5*11) 

Oside  of  maguesiuin  is  altugither  infusible  at  temperatures 
Bhoit  of  that  of  the  ox^hjdrogeu  flame  Very  e^Ltllent  cni- 
eibips  fir  seientiflo  pUT|o-.ea  are  prepared  by  compiLssing  oiido 
of  magnesmm  mto  suitable  forma  These  Lrutiblet  undergo  tar 
Ilss  change  m  the  oir  than  those  made  fr->ii  hme  and  bke  the 
bme  ciucibles  they  do  not  unite  with  oxk  if  iron  and  the  other 
metalho  oxides  to  form  the  lusible  slags  or  glisses  nhich  are  so 
annoying  m  tho  oidmary  crucibles,  of  which  siIilic  aoid  is  an 
easentidl  component 

5S9  GhhriU  of  Maqnestum  (MgflJ  is  found  in  sea  watir 
and  in  many  aalinc  springs  It  la  formed  when  magnesium 
IS  burnt  m  chlorine  gas,  when  a  cunent  of  chbime  is  passed 
ovei  a  red  hot  mixture  of  cliaicoil  ani  oxide  of  magnesium, 
and,  in  combination  with  witei,  by  dii-sohing  oside  of  ma^ 
nesium  in  chlorhjdiic  acid  It  is  rem. J.rk able  that  the  h\diated 
ehknde  last  mentioned  cannot  be  madf  anhydrous  by  evaporafun 
and  igmbon  without  some  decomposition  of  the  chloiide,  uxide 
of  magnesium  is  formed  and  chlorine  goes  oA  in  combination 
■with  hydrogen  as  chlDrhjdric  acid 

590.  fiulphate  of  Magnesmm  (MgSO^),  or  rather  the  hydrated 
compound  {Mg80^+ 7HjO),  is  largely  employed  as  a  medicament 
under  the  name  of  Epsom  salts.  It  is  obtained  not  only  from 
the  mineral  spring  at  Epsom,  in  England,  and  from  various  other 
springs,  but  is  also  prepared  from  sea-water,  arid  by  dissolving 
the  minerals  serpentine  (silicate  of  magnesium),  magnesite  (car- 
bonate of  magnesium),  and  dolomite  (carbonate  of  magnesium 
and  of  calcium.),  in  sulphuric  acid.  Hjd  ated  sulphite  of  mag- 
nesium la  a  colorless  crystalline  salt,  rcadilj  soluble  in  water, 
and  possessing  the  peculiar  bitter  taste  cimmon  tn  most  of  tho 
soluble  magnesium  compounds.  It  is  otten  tmj  loycd  in  labo- 
rat<in^  as  Il.o  source  from  which  to  ^i  pare  otlier  n 
ealta. 
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591.  Carbonate  of  Magnesium  (MgCOJ  is  found  as  a  mineral 
in  nature,  and  with  due  care  may  be  prepared  artifleiaUy.  Aa 
met  with,  in  commerce,  however, — the  magnma  alba  of  the 
shops,  prepared  hj  mixing  hot  solutions  of  sulphate  of  magnesium 
and  caihonate  of  sodium, — ^it  is  mixed  with  varying  proportions 
of  hydrate  of  magnesium.  This  eompour.d  ia  employed  as  a 
medicament.  A  compound  of  earbonato  of  magnesium  and 
carbonate  of  calcium  occurs  abundantlj  ia  nature  aa  the  mineral 
dolomite,  constituting  extensive  beds  in  various  regiocs.  Dolo- 
mite is  much  more  slowly  soluble  in  acids  thou  true  limestone, 
b  t  whe  heatclw  hi  Idute  ae  d  t  efterv  s  readiiy  "Rfhen 
b  imt  at  ten  je  ture?  to  low  th  t  the  a  I  e  a  id  shall  be 
expelled  o  Ij  from  the  m  ^  es  um  It  vhile  the  c  bon  te  f 
calc  m  ema  ns  maltered  dolomite  afForda  n  i  i  aul  c  ce  nent 
preferalle  n  many  le  jecta  to  ordni'j  Um  The  p  odu  t  of 
the  oaJc  na  o  t       rap  dly     nder  water   d  d    a  converted 

nto  a  hard  c  n  j  t  stone  (§  j8=!)  C  trato  of  maoUes  m  a 
preparation  m.iio  t  n  carbo  te  of  m  ^nea  um  and  c  t  ic  acid 
IB  al  o  lirgelv  en  pi  jed  as  a  med  cime  t 

Of  the  other  lit  of  mignea  am  none  are  of  s  iflc  e  t  im 
porta  e  to  bo  d  c  led  n  th  s  manual  Mo  t  of  them  a  e 
oasly  soluble  in  water  hence  the  n  I  tie-  d  uble  phoaibate 
of  ma„  e=  m  and  uf  a  nn  on  u  u  (M^NH  PO  +  II  0)  obta  d 
by  add  g  or!  nary  d  pi  o  phnte  of  sul  um  to  a  n  \tu  e  of 
aram  n  a      ater   ind  any  m  „  n   salt    is   of     mpo  t  n  e   to 

the  acaljht  ce  by  n  a  t  it  maouc  un  may  be  sep  <itcd 
from  ts  1  o  3  It  hould  be  obs  d  that  the  ready 
solul  1  ty  of  6  Ipl  ate  of  magn  m  is  n  n  Id  t  at  w  th 
the  lusolulilitj  ot  the  l\\  t  a  of  the  Ik  1  e  eaiLhy  group 
of  mettda 

ziso. 
6y2.  Orea  of  zinc  occur  in  considerable  ubundance  in  severd 
localitiea.  The  metal  is  extracted  from  the  carbonate,  o-xide, 
silicate,  and  sulphide.  The  carbonate  ami  sulphide  are  first 
roasted  in  order  to  convert  them  into  oxidia,  and  the  oxide  is 
then  reduced  by  means  of  hot  charcoal,  in  eiirthen  retoits  or  in 
crucibles  provided  with  iron  delivery -tubes,     .Since  ni.mllic  zino 
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is  volatile  at  high  temperatures,  it  distils  over  from  the  retorts 
aa  fast  aa  it  is  formed  and  is  coadenaed  ia  receivers. 

Zine  is  a  bluiab-white  metal  of  eiystalline  texture,  brittle  at 
the  ordiaaay  temperature,  and  also  when  heated  above  200°,  but 
a  temperature  of  about  ISO"  or  140°  it  may  easily  be  rolled  out 
or  hammei-ed  into  sheets.  The  metal  melts  at  425°  and  boils  at 
a  bright-red  heat;  in  presence  of  air  the  red-hot  metal  takes  Are 
and  burns  with  abilli  tblishwhtlht  Ifmtnfa 
dense  cloud  of  whit     xid     f    n 

Ecp.  304.— Melt    00        SOD  g  m       f  m  t  II  a    m  11 

Heesian  crucible,  o  1  dl      plae  U  fli       t     h 

Remove  the  crucibl     ft  m  tli    h      by        im      t     jii     p     t     t     g 
(Appendix,  S  27),  a  d  po       t         t    t    n  fi       I  nto  a 

pail  full  of  cold  wat      Ik^  thldth  lltdt 

of  5  or  6  feet  abo      th    p   L    R  pi       th      mptj  bl         tb 

fire,  in  order  that  it       y  be   eady  f     E  p   305 

The  small  thin  pieces  of  zinc  which  will  be  found  in  the  pail  when 
the  water  is  poured  away,  are  known  as  granulated  o\  feathered  zinc. 
This  process  of  granulation  may  be  conveniently  applied  to  any  of  the 
other  easily  fusible  metala,  aueh  as  bismuth,  lead,  or  tin,  when  they 
are  required  in  a  finely  divided  condition. 

Granulated  zinc  is  much  used  in  chemical  laboratories,  for  a  variety 
ofpurposeSjbutparticttlarly  for  preparing  hydrogen  (§50).  In  order 
.that  it  may  be  fit  for  this  purpose,  it  is  best  to  heat  the  melted  metal 
nearly  to  redness  before  pouring  it  into  the  water ;  for  it  has  been 
noticed  that  when  zine  is  meltfld  at  the  lowest  possible  temperature 
and  then  immediately  poured  into  water,  the  granules  obtained  are 
but  slowly  acted  upon  by  dilute  sulphuric  acid,  while  another  portion 
of  the  same  metal,  heated  nearly  to  redness,  and  then  granulated,  is 
readily  soluble  in  the  acid.  If  the  hot  metal  be  poured  upon  a  warm 
iron  plate,  it  wiU  be  foimd  to  be  still  more  readily  soluble  in  acids 
than  that  which  has  been  suddenly  cooled  by  the  water. 

Exp.  305.— Dry  20  grma.  of  the  granulated  zinc  of  Esp.  304,  and 
mix  it  intimately  in  a  mortar  with  40  grms.  of  crude  saltpetre ;  remove 
the  empty  erueible  of  Exp.  304  from  the  fire,  and  place  it  m  such 
position  tiiat  any  fumes  which  may  lubsequentli  hp  evolred  trom  it 
shall  be  drawn  into  the  chimney  By  means  of  a  apuou  or  ladle, 
project  into  the  red-hot  crucible  the  mixture  of  zinc  and  naltpetre, 
taking  care  to  stand  away  as  far  as  possible  from  the  crucible  The 
metal  will  burn  fiercely,  at  the  e\pea-e  of  the  i>.igen  m  the  saltpetre, 
for  the  most  pari,  though  a  portion  of  it  will  be  lolatilized  by  th» 
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intense  heat  of  corabustioD,  and  converted  into  oxide  (if  zinc  in  the 
air.  The  residue  in  the  crncible  is  a  solnhle  eompuimd  of  oxide  ol 
zinc  and  potash,  known  aa  zincate  of  potassium. 

If  a,  strip  of  thin  sheet  zinc  be  held  in  the  flume  of  the  gas  lamp 
it  can  readily  be  burned  to  oride.  The  experiment  succeeds  best 
with  zinc  leaf,  which  instantly  burns  with  a  vivid  flame  ind  forma 
tion  of  floating  iloeks  of  the  white  oxide.  In  oxygen  ^a. ,  zini,  burns 
with  peculiar  brilliancy. 

Zinc  is  not  much  acted  upon  cithei  by  moist  or  dry  air  at  tho 
ordinary  temperature ;  but  a  fiesh,  bnght  surfa^-'e  of  it,  when 
exposed  in  a  moi.st  atmosphere,  soon  tirni  hes  and  becomes 
covered  with  a  thin  film  of  basic  ciibonati  f  z  nc,  which  adheres 
closely  to  the  metal,  and  protocls  it  from  fuither  change.  Owing 
to  this  durability,  the  metal  is  much  used  in  the  form  of  sheets. 
Sheet  iron  and  iron  wire  are  often  covered  with  a  protecting  coating 
of  zinc  by  simple  immersion  in  melted  zinc,  and  are  then  said 
(most  improperly)  to  be  galvanized.  The  specific  gravity  of  zinc 
varies  from  6'8  to  7-3 ;  its  atomic  weight  is  65. 

593.  Zinc  is  readily  attacked  and  dissolved  by  acids,  with 
evolution  of  hydrogen  in  roost  instances.  The  chemical  action  of 
dilute  acids  upon  zinc  ia  a  very  common  source  of  that  peculiar 
mode  of  force  called  a  galvanic  curi'ent.  There  are  few,  if  any, 
chemical  reactions  which  cannot  be  made  to  produce  electricity, 
and,  in  general,  the  more  powerful  the  chemical  action,  tho  more 
powerful  is  the  electrical  action  which  results. 

Erp.  300. — Solder  a.  piece  of  stout  copper  wire  to  one  end  of  a  strap 
of  sheet  zinc,  4  cm.  wide  by  10  o.m.  long.  The  soldering  will  be 
readily  effected  by  nibbing  the  zinc  and  the  wire,  in  the  vicinity  of  the 
proposed  place  of  contact,  with  a  strong  solution  of  chloride  of  zine, 
before  applying  the  melted  solder.  In  the  same  way,  solder  a  similar 
wire  to  a  like  strip  of  bright  sheet  copper.  Place  the  strips  of  zinc 
and  copper  in  a  tumbler  tilled  with  water,  acidulated  with  l-12th  to 
1-lOth  its  volume  of  sulphuric  arad,  in  such  a  way  that  the  two  strips 
shall  not  touch  each  other  either  within  or  without  the  lic[uid.  So 
long  as  the  wires  coming  from  the  strips  of  metal  do  not  touch  each 
other,  the  copper  remains  qniescent,  while  the  zinc  is  attacked,  and 
bubbles  of  gas  rise  from  its  surface ;  but  if  the  two  copper  wires  aia 
brought  into  close  contact,  by  means  of  a  binding-screw,  or  by  the 
application  of  solder,  the  following  phenomena  occur : — Ist.  Minute 
bubbles  of  hydrogen  gas  will  be  evolved  from  the  surface  of  the  copper 
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pkte.  2nd.  Tte  zinc  dissolves  more  rapidly  than  before  ;  ftt  the 
ilose  of  the  experiment  sulphate  of  zinc  may  he  recovered  fi'Om  the 
liquid  in  the  beaker.  3rd,  This  transfer  of  the  hydrogen  from  tlie  zinc 
to  Hie  copper  inatimtly  cefi«ea  if  the  contact  between  the  wires  is 
destroyed.  4th.  If  the  two  wires  be  connected  with  the  two  ends  of 
the  coil  of  wire  which  amrounda  the  mtignetic  needlo  of  the  common 
galvanometer,  the  deflection  of  the  suspended  needle  will  demonstrate 
the  fact  that  an  electric  current  ia  passinjf  through  the  wires  from  one 
plate  of  metal  to  the  other. 

This  conversion  of  chemical  force  into  electriral  force  is  a  stri- 
king illustration  of  tho  doctrine  that  all  physical  forces  are  corre- 
lated. The  preceding  experiment  well  illustrates  the  principle 
on  which  a  large  class  of  batteries  employed  in  telegraphing  and 
in  electro- metallurgy  are  constructed  and  worked,  except  that 
the  corrosion  of  the  zinc  is  generally  hindered  by  coating  it  with 
mercury.  Artificial  products,  like  metals,  acids,  and  saline  solu- 
tions, are  used  to  supply  all  the  chemical  force  which  is  imme- 
diately converted  into  and  utilized  as  electrical  force  in  the  useful 
arts.  We  have  rot  yet  Rueccedod  in  realizing  as  electricity  any 
considerable  proportion  of  the  prodigious  chemical  force  which  is 
incessantly  active  in  the  common  processes  of  combustion. 

694.  Zinc  dissolves  in  hot  solutions  of  the  caustic  alkalies  as 
well  as  in  acids ;  hydrogen  is  given  off  and  a  zincate  of  the  alkali 
formed ; — 

Zn  +  SNaHO  =  .Na^ZnO,  -|-  2H. 
When  immersed  in  the  solution  of  a  lead  salt,  such  as  the 
nitrate  or  acetate,  zmc  dissolves  and  lead  is  deposited  in  the 
metallic  state : — 

PbN^O,  +  Za  ^  ZnNp,  -|-  Ph. 
Exp.  307.— Dissolve  10  grms.  of  acetate  of  lead  in  260  e.  c.  of  water, 
add  ft  few  drops  of  acetic  acid  in  order  to  dissolve  the  cloudy  precipi- 
tate of  carbonate  of  lead,  which  is  formed  from  the  carbonic  acid  in 
the  water,  pour  the  solution  into  a  wide-mouthed  bottle  and  suspend 
m  it  from  the  cork  a  strip  of  sheet  zinc.  The  zinc  will  soon  be  covered 
with  a  brilliant  coaling  of  crystalline  spangles  of  metallic  lead,  and 
this  crystalline  vegetation,  as  it  were,  will  shoot  out  or  grow  even  as 
far  as  the  ^des  of  the  bottle.  In  the  course  of  24  hours  all  the  lead 
will  have  been  deposited  from  the  solution,  and  the  iatterwiU  contain 
nothin"  but  acetate  of  zinc     Under  the  conditions  of  this  experiment. 
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and  as  a  general  rule,  zinc  ia,  chemically  spsaliin^,  a  sfa-oogec  or  mora 
basic  element  than  lead ;  it  is  capable  of  displacing  lead  from  its  com^ 
pounds.  The  growth  of  lea^l,  witnessed  in  this  experiment,  is  fre- 
quently spoken  of  as  a  lead  tree ;  the  experiment  is  often  perfoi-med  in 
chemical  laboratories  for  the  sake  of  the  chemically  pure  lead  which 
it  furnishes. 

Many  other  metala  besides  lead  may  he  thus  thrown  iovm  by  zinc, 
and  the  zinc  may  itself  be  replaced  by  other  metallic  pvecipitants.  The 
whole  series  of  experiments  of  which  the  one  here  uidicated  may  be 
taken  as  the  type,  is  interesting  aa  illustrating  the  general  law  of  the 
replacement  of  metals  one  by  another  in  atomic  proportions,  and  from 
the  lact  that  by  means  of  these  experiments  the  atomic  weight  of 
various  metals  may  readily  be  dttemiined.  For  example,  if  in  tlie 
foregoing  experiment  the  piece  of  zinc  be  weighed  before  and  after  its 
immerrion  m  the  acetate  of  lead,  and  if  the  precipitated  lead  be  also 
weighed,  it  will  be  foimd  that  the  weight  of  lead  obtained  ia,  to  the 
weight  of  zinc  dissolved,  very  nearly  as  207  is  to  65,  the  atomic  weights 
of  lead  and  zinc  respectiTely.  The  atom  of  zincdiseolved  has  replaced 
in  the  solution  the  atom  of  lead  which  was  precipitattd.  By  the  ex- 
ercise of  care  in  the  manipulation,  by  employing  boiled  water  free  from 
carbonic  acid  so  that  the  addition  of  acetic  acid  to  the  lead  salt  shall 
be  imnece'JsarT  and  by  iinally  drying  the  lead  in  an  atmosphere  of  hy- 
diogen,  a  close  ippiuMuiation  to  the  numb  rs  above  ^n  en  can  be  ob- 
tained 

595  Omk  of  Z  nc  (ZiiO)  —Like  masnesiiim  zine  forma  but 
a  single  compound  with  oxj^eii  This  cDmpound  mav  be  rcadily 
obtained  by  burning  the  metal  or  by  ii^uting  caibonate  or  hy- 
diate  of  zmc  A$  thus  picpared,  oxide  of  zmc  la  an  insoluble, 
white  amorphous  powder,  which  under  the  name  ot  zinc  white, 
has  ot  late  lenis  been  lai^elj  emplojed  as  a  white  paint.  It 
lacks  the  opiiityor  covtring-power  of  white  lead  («  582),  but,  on 
the  other  htnd  has  no  injunous  action  upon  the  he  ilth  of  the 
w  orkmen  mi  does  not  blacken  or  become  discolored  when  exposed 
to  tliQ  fumes  of  sulphydne  acid.  "Wlien  heated  in  a  crucible, 
oxide  of  MBC  exhibits  a  yellow  color,  but  it  becomes  white  again 
on  cooling.  The  oxide  dissolves  easily  in  adds,  witli  formation 
of  salts  of  zinc, 

596.  Ckhride  of  Zine  (ZnCl,),  obtained  by  dissolving  metaUic 
zinc  in  chlorhydrie  acid,  is  a  compound  readUy  soluble  in  water: 
it  ia  somewhat  extensively  employed  for  preserving  timber,  and 
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83  a  disinfecting  fluid.     It  is  used  also  by  tmmcn  as  a  wash  to 
cleanse  the  surfaces  of  tin-plate  before  soldering. 

597.  Salj>hate  of  Zinc  (ZnSOJ  is  one  of  the  commonest  of  the 
rinc  salts.  The  hydrated  compound,  ZnS0,+7H^0,  known  as 
white  vitriol,  is  used  to  a  certain  extent  in  niedicine.  arA  for  other 
purposes  in  the  arts.  The  action  of  carbon  upon  sulphate  of  zinc 
differs  somewhat  from  its  action  upon  tlie  sulphates  previously 
studied.  When  a  dry  mixture  of  the  sulphate  of  zinc  and  char- 
coal is  heated  to  dull  redness,  carbonic  and  sulphurous  acids  are 
evolved  in  the  proportion  of  two  volumes  of  the  former  to  one  of 
the  latter  gas,  and  pure  oxide  of  zinc  remains : — 

2ZnS0,  +  C  =  2ZnO  +  2S0^  +  CO,. 

It  would  he  quite  possible  to  obtain  metallic  zinc  fj'om  the  sul- 
phate in  one  operation  by  employing  an  excess  of  carbon,  heating 
the  mixture  gently  at  first  until  the  sulphuric  acid  had  all  been 
decomposed,  and  then  urging  the  Are  in  order  to  obtain  the  tem- 
perature requisite  for  the  reduction  of  the  oxide  of  zinc  and  vola- 
tiUzation  of  the  metal.  But  if  the  mixture  of  sulphate  of  zinc 
and  charcoal  be  quickly  raised  to  a  high  temperature,  then  sul- 
phide of  the  metal  Is  formed  and  carbonic  oxide  set  free ; — 
ZnSO,  -I-  40  =  ZnS  +  4C0. 

Zinc  forms  several  valuable  alloys;  brass  is  an  alloy  of  zinc  and 
copper,  and  German  silver  is  a  braes  whitened  by  the  admixture 
of  a  small  proportion  of  nickel. 


598.  Cadmium  is  a  comparatively  rare  metal,  found  associated 
with  zinc  in  nature;  it  is  remarkably  similar  to  zinc  in  its  che- 
mical relations.  In  the  process  of  obtaining  zinc  from  its  ores, 
the  small  proportion  of  cadmium  which  these  ores  contain  comes 
over  with  the  first  products  of  the  distillation,  since  cadmium  is 
more  readily  volatile  than  zinc. 

Cadmium  may  be  prepared  either  from  this  early  distillate,  or  from 
the  residues  obtained  when  metallic  zinc  is  dissolved  in  cblorhydvio 
acid  in  the  preparation  of  chloride  of  zinc  fcr  manufacturing  purposes. 
These  residues  always  contain  a  quantity  of  lead,  which  next  to  cadmiuni 
is  the  commonest  impurity  of  commercial  zinc ;  and  if  care  has  been 
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takeu  to  keep  an  excosg  of  metallic  zinc  in  the  disaolving-vat,  theyivill 
contain  also  all  the  cadmium  with  which  this  zinc  waa  cont«iniriated. 

From  either  of  these  aourcea,  cadmium  aaltB  may  be  prepared  hy 
diasnlvin^f  the  crude  materials  in  dilute  nitric  acid,  separating  the  lead 
"by  means  of  aulphuric  acid,  and  throwing'  down  the  cadmium  with 
sulphuretted  hydrogen.  Sulphide  of  cadmium  is  a  bright-yellow 
powder,  insoluble  in  dilute  acids,  while  sulphide  of  zinc  is  readily 
soluble  in  acids.  Onee  isolated,  the  sulphide  of  cadmiam  may  be  dia- 
soWed  in  boiling,  concentrated  chlorhydric  acid ;  from  the  Bolutiou  of 
chloride  of  cadmium  thus  obtained,  carbonate  of  cadmium  may  be  pre- 
cipitated, and  fi'om  tlie  carbonate  any  of  the  other  cadmium  compouuda 
can  readily  be  prepared. 

Metallic  cadmium  is  of  a  white  color  tinged  with  blue;  it  is 
lustrous  and  takea  a  fine  polish,  but  gradually  tarnishes  upon  the 
surface  when  exposed  to  the  air.  Its  specific  gravity  varies 
from  8-C  to  8-7.  It  melts  and  volatilizes  at  temperatures  below 
redness.  Heated  in  the  air  it  taUes  fire  and  bums  to  a  brown 
oxide. 

When  combined  with  other  metals,  such  as  lead  or  tin,  cadmium 
forms  alloys  of  remarkable  fusibility  ;  in  this  respect  it  far  sur- 
passes bismuth  (§  359).  The  most  fusible  alloy  yet  made  contaijia 
cadmium,  bismuth,  tin,  and  lead  ;  it  melts  at  63°-65''. 

599.  Cadmium  is  a  volatile  substance,  and  the  specific  gravity 
of  its  vapor  has  been  experimentaUy  determined  to  be  56-85 ;  the 
weight  of  a  nnit-volume  of  the  vapor  is  56'85  times  the  weight 
of  the  same  volume  of  hydrogen.  Now  we  have  seen  that  the 
"c  gravity  of  the  elementary  gases  and  of  the  vapors  of  tbe 
1  included  in  the  chlorine  and  sulphur  groups  are  the 
same  as  the  atomic  weights  of  these  elements.  On  the  other 
hand,  the  speciflc  gravities  of  the  vapors  of  phosphorus  and  ar- 
senic were  twice  the  atomic  weights  of  these  elements.  Cadmium 
presents  still  a  new  relation  between  the  least  combining  weight 
and  the  unit-volume  weight ;  for  the  specific  gravity  of  its  vapor, 
5G-S5,  is  about  one-half  of  112,  its  accepted  atomic  weight.  The 
significance  of  this  fact  may  be  illustrated  from  its  chloride. 
Cadmium  is  bivalent,  and  forms  the  chloride  CdCl,,  containing,  as 
experiment  has  proved,  112-24  parts,  by  weight,  of  cadmium  to 
71  pdrts  of  chlorine ;  if  the  nnit-volume  weight  of  cadmium  were 
the  same  as  its  atomic  weight,  two  unit-volumes  of  chloride  of 
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oaiJinium  would  contain  one  volume  of  cadmium  and  two  volumes 
ofetloriuc;  but  were  it  possible,  by  experiment,  to  resolve  the 
vapor  of  chloride  of  cadmium  into  its  component  vapors,  it  would 
be  found  that  two  volumes  of  eadmium  were  therein  combined 
with  two  volumes  of  chlorine. 

Tbe  atom  of  cadmium  when  converted  into  vapor  occupies  twice 
as  much  space  as  the  atom  of  oxygen,  or  hydrogen,  or  chlorine 
does ;  and  accordingly  the  product- volumes  of  its  compounds  are 
packed  with  one  volume  more  than  the  product- volumes  of  the 
corresponding  compounds  of  oxygen  or  any  member  of  the  sulpliar 
group.  Whether  the  bivalent  metala  in  general  resemble  cad- 
mium on  the  one  hand  or  oxygen  on  the  otter,  in  regard  to  the 
relation  between  their  vapor- densities  and  tiieir  atomic  weights, 
is  a  point  on  which  experiment  has  thus  far  thrown  but  little 
light.  Mercury  resembles  cadmium  ;  but  it  is  certainly  possible 
that  these  two  elements  constitute  an  exception  to  some  general 
rule  hereatter  to  be  proved — a  rule,  for  example,  like  that  which 
many  chemists  are  inclined  to  accept  in  advance  of  proof,  namely 
that  the  combining  weights  and  the  unit-volume  weights  of  the 
elements  aro  normally  identical. 

Cadmium  is  so  soft  that  paper  may  be  marked  with  it ,  but  it  is 
flexible,  malleable,  and  ductile.  In  dilute  chbrhydnc  and  sul- 
phuric acids  it  dissolves  with  evolution  of  hjdrogen,  though  less 
readily  than  zinc.  Ita  best  solvent  is  nitno  acid  It  does  not 
dissolve  in  the  caustic  alkalies. 

600.  From  the  foregoing  it  is  apparent  that  the  members  of 
the  group  of  metals  now  under  consideration  rtsemble  one  another 
with  respect  to  volatility  and  several  other  of  their  phvsii,<d 
properties,  besides  being  very  closely  related  in  most  ot  their 
chemical  characters.  The  order  of  progiession  is  from  magnesium 
to  cadmium,  zinc  and  its  compounds  occupying  -dwavs  an  inter 
mediate  position.  The  specific  gravities  of  the  tliree  metals 
are— Mg=l'75,  Zn=7-1,  Cd=S-fi;  and  then  atomic  weights 
are — Mg=:24,  Zn=65,  Cd=112.  Magnesium  volatilizes  at  a 
bright-red  heat,  cadmium  at  a  low  red  heat,  and  zmo  at  tempera- 
tures between  these  extremes.  Cadmium  is  very  fnsible  melting 
at  about  360°,  zinc  melts  at  425°,  and  magnesium  at  a  moderate 
red  heat.  AH  of  these  mef  als  are  bi\  alent ,  each  forms  but  one 
oxide,  sulphide,  and  chloride. 
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601.  Next  to  oxygen  and  silicon,  aluminum  is  perhaps  the 
most  abundant  element  upon  the  earth's  surface.  It  is  the  most 
ahundant  of  all  the  metals,  as  much  as  a  twelfth  of  the  solid  erust 
of  the  glohe  being  composed  of  it.  It  occurs  in  enormous  quan- 
tities in  combination  with  oxygen  and  silicon,  in  all  the  so-called 
primitive  rooks,  and  indeed  in  most  other  rocks  and  soils.  It 
is  contained  in  clay,  marl,  and  slate,  as  well  as  in  feldspar,  mica, 
and  many  other  eommon  minerals. 

Oxide  of  aJumirum,  chloride  of  aluminum,  and  many  salts  of 
the  metal  may  readily  be  prepared  artificially  from  the  native 
minerals ;  they  have  long  been  known  to  chemists,  and  made  use 
ofinthearts  ;  but  the  metal  itselfis  less  readily  obtainable.  Itis 
but  a  few  years  since  metallie  aluminum  has  been  prepared  upon 
a  manufacturing  scale.  The  metal  is  nowadays  prepared  by  heat- 
ing metallic  sodium  either  with  chloride  or  fluoride  of  aluminum, 
or  with  a  double  chloride  or  fluoride  of  aluminum  and  sodium.  It 
is  a  bluish- white  metal,  of  remarkable  lightness.  Its  specific  gra- 
vity, 2'56,  is  about  the  same  as  that  of  porcelain,  and  only  about 
a  quarter  of  that  of  silver.  The  metal  is  malleable,  ductile,  and 
tenacious,  and  may  be  beaten  into  thin  sheets,  like  gold  and 
silver,  and  drawn  into  fine  wire.  It  melts  at  a  temperature  lying 
between  the  melting-points  of  zinc  and  silver,  but  is  not  volatile. 
It  conducts  electricity  much  better  than  iron,  and  heat  even  better 
than  silver ;  after  having  been  heated,  it  cools  very  slowly.  It  is 
remarkably  sonorous,  a  bar  of  it  suspended  by  a  wire  rings  with 
a  clear  musical  note  on  being  struck. 

Aluminum  changes  little  in  the  air,  even  at  a  strong  red  heat ; 
but  when  melted  in  open  crucibles  a  film  of  oxide  forms  upon  it 
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thiit  hinders  the  operation  of  casting.  It  is  not  acted  upon  by 
water  at  temperatures  siiort  of  a  white  heat,  so  lo^g  as  it  is  in 
the  ordinary  compact  condition,  Sulphydrio  acid  has  no  action 
upon  it.  Nitric  acid,  whether  dilute  or  coneentrated,  has  no 
action  upon  aluminum  at  the  ordinary  temperature,  but  when 
boiling  dissolves  the  metal  slowly.  Cold  dilute  sulphuric  acid 
has  scarcely  any  action  upon  it;  but  it  is  easily  soluble  in  cMor- 
hydric  acid,  either  dilute  or  conoantratcd,  at  all  temperatures. 
It  is  soluble  also  in  aqueous  solutions  of  caustic  potash,  soda,  or 
ammonia.  The  vegetable  acids,  such  as  acetic  and  tartaric  acids, 
esert  no  perceptible  action  upon  it.  Although  soluble  with  evo- 
lufioa  of  hydrogen  in  aqueous  solutions  of  the  fixed  caustic  alka- 
lies, aluminum  is  not  acted  upon  by  fused  hydrate  of  sodium,  or 
hydrate  of  potaflsium  ;  nor  is  it  even  attacked  by  fused  nitrate  of 
potassium,  except  at  temperatures  high  enough  to  decompose  the 
nitre  so  completely  that  it  gives  off  nitrogen ;  when  this  limit 
is  reached  the  aluminum  is  immediately  oxidized  with  incan- 
descence. 

fi02,  Aluminum  unites  readily  with  many  of  the  metale  to 
form  alloys,  among  which  that  of  copper  and  aluminnm,  called- 
aluiiimum  bronze,  promises  to  be  of  especial  importance.  Alumi- 
num bronze,  composed  of  90  parts  copper  and  10  parts  aluminum, 
is  exceedingly  bard  very  malleable  as  tenacitus  as  steel,  of  a 
beautiful  golden  col  d   us    pt  1 1     f  be       b    hly  polished. 


003.  By  uniting  w   1 

th 

mtUi      1 

idnminum 

forms  only  one  class    f 

mp 

3      fwh 

h   h 

Al^O,  may 

be  taken  as  the  typ 

Th       I 

Al 

t       1 

.  in  other 

words,  it  is  equivale  t 

t      h 

t  m 

f  hyd 

,nd  of  the 

same  value  as  one  a  d 

half 

t          f 

K 

1  it  would 

bo  inconvenient  to  erapl 

yf    f 

1      P 

ting  che- 

mical  formulas,  as  w  11 

11 

al  t     p 

\     f  I  alf   toms,  it  is 

customarj'  to  Vrite  th 

f    m  1 

f       d 

f    1 

m      m  A1,0,  as 

above,  and  not  AlO,     at 

ht 

I    I   1 

t  fi 

ht  seem  best. 

For  the  sake  of  coi      t 

y  th 

f    mil 

t  tl 

hi  ride  is  in 

lile  manner  written  Al  CI       d 

t  AlCi 

s 

t      n  tains  one 

and  a  half  atom  of  o 

1 
d 

h    t  m 
half; 

f  1 

m  the  oxide 

is  often  caUed  a  Sesq     ( 

d 

If  no  other  elerae  t 

1 

t    al 

w  re  known,  if 

I,  Google 


514  OSIilV,  OF  KLVW^VU. 

this  metal  WPFP  lut  mtimatelv  related  to  glucinnm  iron  ihro- 
miiim,  and  the  other  metal'i  to  be  considered  m  the  pri'icnt 
chapter,  chemists  mifiht  possillT  ha^e  taken  the  atomic  wtighl 
of  aluminum  at  one  third  ot  its  present  value  namely  j.t  9  1  in 
stead  of  27-4  Tht  formula  of  oxidt,  of  aluminum  would  thm 
have  heen  wntten  Al  0,  and  th  it  ot  chloride  of  aluminum  KiCS 
corresponding  respectively  with  the  formulte  of  the  oxides  and 
chlorides  of  the  alkali  metals  But  as  will  appear  directlv  from 
the  study  of  the  other  members  of  the  aluminum  fimih  of  mct^ls, 
and  particularly  frrm  the  isomorphism  ot  their  Mtioi'i  com- 
pounds, the  atomic  weight  27  4  and  the  formulae  fii  st  given 
must  he  regarded  as  the  mo«t  prtbible  The  itomie  wcif,lit  0  1, 
and  the  formule  derived  from  it  are  inadmissible  since  there  is 
no  analogy  between  the  chemical  propetties  of  aluminum  whether 
simple  or  compo  mded  and  those  of  the  oILbIi  metals 

604.  Oxide  of  Alumnum  (Al  0  )  commonly  called  ^/jmina 
is  found  crystaJh/ed  1 1  nature  as  the  mineril  corundum  The 
sapphire  and  the  luby  arc  also  c  mposed  of  thii  oxide  together 
with  a  little  oxile  of  iion  It  may  be  prepired  artificially  hv 
oxidising  the  metal  or  bj  ia;iiitiiig  the  hvdrate  or  almc-t  any 
oxygen  salt  of  aluminum  Ihcugh  unalteiihlc  m  oxvgi-Tx  so 
long  as  it  is  oomi  act  powdered  aluminum  and  iluminum  leaf 
burn  brightlv  when  heated  t  j  re  Iness  in  -the  air  with  formation 
of  oxide  of  aluminum  It  has  been  ff  und  bv  careful  experii  lents 
that  53-3  parts  ot  the  metal  unite  with  4')  (>9  parts  of  oxygen  to 
form  100  parts  of  the  oxide  Kow  siace  o'wde  of  aluminum  la 
isomorphous  with  certain  oxides  of  iron  and  of  chromium  which 
are  known  to  be  sesqmoYides  and  is  capable  of  repkcing  these 
oxides  in  anj  proportion  in  their  compjunds  (§  2i2)  it  is  mfc  red 
that  oside  of  aluminum  is  likewise  a  se  quio^ide  Upon  this 
view  the  atomic  weight  cf  aluminum  is  diiectly  derived  from  the 
foregoing  experimental  dj,td  b;  the  equation. — 

mm      i      53'3       =       48  f  64-8 

ivt-,  of  3  atoms      wt.  of  2  atoms 

605.  ffydraU  of  Ahanhuim  (A1^H,0,)  may  be  obtained  BS 
a  gelatinous,  floceulent  precipitate,  by  adding  aramonia-water 
Co  the  solution  of  an  aluminum  salt,  such  a 
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When  diied  at  a  moderate  heat  it  forms  a  soft,  friable  mass, 
which  adheres  strongly  to  the  tongue  like  clay;  when  dried 
still  more  thoroughly,  it  forma  a  hard,  yellowish,  translucent, 
horn-like  substance,  and  at  a  red  heat  gives  off  all  its  water. 
The  volume  of  the  original  precipitate  contracts  to  an  enormous 
extent  during  the  operation  of  drying;  the  hulk  of  the  final 
anhydrous  oxide  is  exceedingly  small  as  compared  with  that  of 
the  moist  hydrate  from  which  it  hae-heen  derived. 

606.  Anhydrous  alumina  may  be  melted  in  the  flame  of  the 
oxyhydrogen  blowpipe.  It  is  neither  decomposable  by  heat 
alone,  nor  can  it  be  reduced  by  carbon  or  any  of  the  more 
common  deoxidizing  agents.  At  a  white  heat,  potassium  de- 
composes it  paitially,  and  an  alloy  of  aluminum  and  potHssium 
is  formed.  Oxide  of  aluminum  is  insoluble  in  water,  and  after 
baring  been  strongly  heated  it  is  scarcely  at  all  acted  upon  by 
acids,  excepting  concentrated  boiling  chlorhydric  and  nitric 
acids.  ITie  crystallized  native  oxide  is  insoluble  in  all  acids. 
The  anhydrous  oxide  is  insoluble  in  solutions  of  fiie  caustic 
alkalies,  but  dissolves  readily  in  water  after  baring  been  fused 
at  a  red  heat  with  cither  hydrate  or  carbonate  of  sodium  or  of 
potassium.  Hydrate  of  aluminum,  on  the  conti'ary,  though 
insoluble  in  water,  dissolves  easily  in  acids  and  in  solutions  of 
the  fixed  caustic  alkalies.  Alumina  is  in  fact  capable  of  acting 
not  only  as  a  strong  base,  forming  well-defined  salts  by  uaiting 
with  acids,  but  it  plays  the  part  of  an  acid  as  well  (compare 
§  350),  and  combines  with  the  alkalies  and  with  other  metallic 
oxides  to  form  salts  kuown  as  aluminatea.  Aluminate  of  potas- 
sium (KjO.AljO,)  and  aluminate  of  sodium  (Sa.p,A\fi^)  are 
substances  somewhat  extensively  used  in  the  arts ;  the  mineral 
spinel  is  aa  aluminate  of  magnesium  {MgO,A1^0j) ;  and  a  native 
aluminat«  of  zinc  (ZaOjAl^Og)  is  called  gahnite  by  minei'alogists. 
£xp,  808.— Heat  a  small  fragment  of  alum  with  water  in  a  test- 
tube  until  it  has  completely  dissolved,  poar  h^ilf  the  solution  into 
another  tube,  and  add  to  it,  drop  by  drop,  ammonia-water,  until  the 
odor  of  ammonia  persists  after  the  mixture  has  been  thoroughly 
shakeiL.  Hydrate  of  aluminum  will  be  precipitated,  in  accordance 
with  the  reaction ; — ■ 

AljSSO^  +  6^Hj)H0  =  Alfi^,SUfi  +  3{Nn,)jS04. 
2l2 
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Pour  two  or  three  drops  of  the  moist  hydrate  of  Hluminnm  into 
aaother  test-tube  and  cover  thorn  with  ammouia- water ;  no  elcar 
solution  will  be  obtained,  for  hydrate  of  aluminum  is  but  little  soluble 
in  air.monia-water. 

Pour  two  or  three  drops  of  the  moist  hydrate  of  aluminum  into 
Btill  another  test-tube,  and  cover  them  with  a  solution  of  hydrate  of 
sodium;  the  precipitate  will  dissolve  immediately;  aluminat«  oi 
sodium  is  formed,  and  this  salt  is  easily  soluble 

JJa-p  309— Take  another  portiun  of  the  clear  solution  ot  alum 
prepared  in  Tvp  303,  and  add  to  it,  drop  by  drop  a  dilute  solution 
of  caustic  "oda  A  pietipitate  will  soon  fall,  as  in  Exp  308,  and 
if  no  exceSiS  of  hydrate  of  sodium  weie  added  over  end  above  that 
neLPssary  to  form  silphate  of  "odium  with  the  sulphuric  aiid  of 
the  alum  this  precipitate  would  remain  undis-'oUed  bit  on  idding 
more  of  the  'oda  solution  the  pieeipitate  dissolves  at  once,  with 
formation  of  aluminate  ot  sodium 

607  Hydrate  of  aluminum  combines  readily  with  mm>  oi- 
ganu,  oolnnng-Tiiatters,  forming  compounds  which  are  insoluble 
ni  niter  The  fibre  of  cotton,  when  impregnated  with  alumina, 
can  be  made  to  retain  colors  which  the  cotton  itself  his  no  power 
to  hold ,  hence  the  use  of  alummam  salts  as  mordants  in  dyeing 

Exp.  810.— Boil  a  few  crushed  p^amiles  of  cochineal  in  water  until 
a  considerable  portion  of  their  colorins-raatter  has  been  extracted; 
add  to  the  filtered  solution  an  equal  bulk  of  a  solution  of  alum,  and 
to  the  mixture  add  ammonia- water.  A  colored  precipitate,  consisting 
ef  hydrate  of  aluminum  and  of  the  coioring-matter  of  the  cochineal, 
will  be  thrown  down ;  it  is  the  substance  called  carmine-lake.  Similar 
precipitates  may  bo  prepaied  b^  tuhstituting  almost  any  other  organic 
coloring  matter  for  the  cochmeal  of  this  expeiiment  Preeipitatts 
thus  foimed  by  the  union  of  a  metalhc  oiide  and  a  coloimg  matter 
are  all  classed  as  lakes 

608  Chloride  of  Alttmmum  (Al^C!,)  may  be  prepared,  m 
the  same  waj  that  the  ehlindes  of  boron  and  sihnn  are  pre- 
paied (§§  44y  470j  by  passing  chlonno  ever  a  heited  n  ixturo 
of  fllnmma  and  carbon  It  is  formed  also  when  hit  fintly 
(TiTided  atnminum  is  biou^ht  into  contact  with  chlorine  ^as. 
Hydrated  chloride  of  aluminum  (4101, 12H^0)  can  be  made 
very  easily  by  dissolving  hydiated  ovido  of  aluminum  m  ehlor- 
bjdrii  acid,  but  the  anhydious  chloride  cannrt  be  piepared  by 
heitingthishjdrate  smte  a  great  pait  of  the  chlorine  is  expelled 
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from  it,  together  with  the  water,  at  a  low  heat.  When  ohtained 
ia  the  dry  way,  however,  chloride  of  aluminum  is  'readily  volatile. 
The  anhydrous  chloride,  prepared  by  the  reactioD, 

Al^Oj  +  3C  +  6CI  =  A1,C1,  +  SCO, 
previously  described,  is  found  condensed  m  the  cold  portions 
of  the  tube  in  which  the  materials  have  been  heated,  apirt  from 
the  residue  of  undecomposed  alumina  and  carbon  It  occurs 
either  as  a  flocculent  pDwdor,  or  as  a  tran-parent  wtT-hke  mass 
of  crystalline  texture.  It  is  eolnilegs  wh^n  pure,  verj  deliquLScent, 
and  soluble  in  water.  When  large  nias9i.s  of  it  are  heated  to 
dull  redness,  a  portion  of  it  linueflea,  but  at  temperatures  near 
the  melting-point  it  volatilizes  rapidly.  Unlike  oside  of  alumi- 
num, it  may  bo  readily  decomposed  by  sodium  and  p 
heat  below  redness,  metaDic  aluminum  being  set  free. 

Chloride  of  aluminum  combines  readily  with  several  of  the 
other  metallio  chlorides,  forming  compounds  analogous  to  the 
chloride  of  altiminuin  and  sodium  (2NaCl,  ^l^Cl^,),  from  which 
metallic  aluminum  is  commonly  manufactured. 

609.  Sulphate  of  AUminum  (A1,380J  is  a  salt  largely  em- 
ployed in  the  arts.  It  is  commonly  prcpai-ed  nowadays  by 
acting  upon  hot  roasted  clay  with  sulphuric  acid.  Clay  is  a 
silicate  of  aluminum  not  very  easily  attacked  by  acids  so  long 
as  it  remains  in  the  native  plastic  condition,  but  after  having 
been  exposed  for  some  time  to  a  duU  red  heat  it  readily  yields 
its  alumina  to  acids.  A  solid  mixture  of  sulphate  of  aluminum 
and  free  silicic  acid  ohtained  as  the  product  of  this  reaction  is 
known  in  commerce  as  alum-cake.  By  lixiviating  alum-cake, 
sulphate  of  aluminum  may  readily  be  obtained  in  solution : 
and  from  this  solution  the  salt  crystallizes  as  a  hydrate,  the 
composition  of  which  may  be  represented  by  the  formula 
Al,3SO,-}-18H,p. 

Until  a  comparatively  recent  period,  sulphate  of  aluminum  was 
sent  into  commerce  neither  in  its  free  state  nor  mixed  with  silica, 
but  in  combination  with  sulphate  of  potassium  in  tie  form  of 
alum.  Common  alum  is  a  hydrated  double  sulphate  of  aluminum 
and  potassium ;  its  composition  is  represented  by  the  formula 
A1,K^480^  +  24H^0,  or  K^O.SO^;  Al^O^.SSO^  +  24H;,0. 

It  crystallizes  very  easily  in  large,  compact,  well-defined  octa- 
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Potash-alum  is  etiH  the  co  m  n  al  n  f  the  Am  ri  m  market, 
hut  in  Europe  ammonia-al  m  (U(YH)4S0  4H,0)  is  at 
present  largely  employed  ;  t  th  e  p  i  d  by  adding  sul- 
phate of  ammonium  obtained  f  m  tl  m  n  all  quor  of  the 
gas-works  to  sulphate  of  alun  um  lit  f  the  aclicn  of 
sulphuric  add  upon  clay.     Amm  In      y  t  11  z     almost  as 

ea-sily  as  potash  alum  ■  but  it  s  m  kabl  that  th  correspond 
in"  d  uhle  sulph  te  ot  al  num  ni  f  d  (  d  al  n  )i8 
eas  ly     luble    a  water  aud     y  t  11  z  h      mj     ative  difti 

Itj     hen       t  has  ne  er    om     nto  commerce 

buljh  to  of  al  minum  s  n  [  loj  ed  as  the  sou  e  of  the  var  ous 
con  po  d  of  aJ  n  m  used  d  e  g  cal  c  p  ting  and 
pape  m  k  „  Ac  tate  of  al  n  n  m  for  examjle  s  1  r  elj 
employed  ly  d  e  s  pa  t  1  rlj  for  the  red  ol  r  obta  n  d  1  om 
madder  under  the  name  of  ed  1  qu 

Mrp.  811. — Dissolve  3  grms.  of  sugar  of  lead  in  4  e,  c.  of  hut  water; 
also  dissolve  4  grms.  of  common  alum  in  6  c.  c.  of  hot  water ;  mix  the 
hot  solutions  and  filter  oft'  the  insoluble  sulphate  of  lead  -which  is 
formed.    The  solution  obtained  cousiata  of  basic  acetat 
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together  with  some  sulphate  of  ftlumimim  and  all  the  sulphate  of  potas- 
eium  of  the  original  alum.  Such  solutions  ai*  preferred  in  practice  to 
thof«  containing  normal  acetate  of  aluminum,  to  prepare  which  a  much 
larger  propoi-tion  of  acetate  of  lead  would  bo  required  than  has  been 
given  above. 

-Erp.  312. — Soak  a  small  piece  of  cotton  cloth  in  the  solution  of 
acetate  of  aluminuni  prepared  in  Exp.  311,  and  another  piece  of  simi- 
iai'  cloth  of  equal  size  in  pure  water.  Hang  up  both  pieces  to  "  age," 
best  in  a  moist  and  warm  atmosphere,  for  a  day  or  two.  During  the 
process  of  ageing,  a  portion  of  the  acetic  acid  escapes  from  the  salt  on 
the  cloth,  and  there  is  left  within  and  upon  the  fibres  of  the  cloth  a 
quantity  of  hydrate  of  aluminum,  or  at  least  a  mixture  of  highly  basic 
acetate  and  sulphate  of  aluminum.  This  deposit  is  the  true  mordant. 
When  cloth  impregnated  with  it  is  soaked  in  a  solution  of  coloring- 
matter,  the  coloring-matter  unites  with  the  alumina  precisely  as  in 
Exp.  310,  and  is  thereby  firmly  attached  to  the  cloth.  It  should  be 
mentioned  that  several  other  oxides,  besides  the  oxide  of  aluminum, 
are  capable  of  acting  ea  mordants ;  the  sesquioxides  of  iron  and  of 
chromium  for  eiiamplo,  as  well  as  the  binoxide  of  tin,  are  largely  used 
as  mordants. 

£xp.  313.^Plaee  a  quantity  of  a  solution  of  extract  of  logwood  in 
two  small  evaporating-dishes,  heat  the  liquor  to  40"  or  50°,  then  place 
the  mordanted  doth  in  one  dish,  the  immordanted  cloth  in  the  other 
and  boil  the  liquor  in  both  dishes.  Continue  to  boil  during  10  or  16 
minutes,  then  take  out  the  pieces  of  cloth  and  w.ish  them  thoroughly 
in  water.  It  will  appear  that  the  coloring-matter  remains  firmly 
attached  to  the  mordanted  cloth,  while  the  cloth  which  has  received 
no  mordant  can  readily  be  washed  clean  or  3iear}y  clean. 

610.  Silicates  of  Aluminmn. — Of  all  the  aluminum  compounds 
the  silieateB  are  by  far  the  most  important.  Clay  in  all  its  va- 
rieties is  a  hydrated  silicate  of  aluminum,  usually  raised  with 
an  excess  of  silica,  besides  other  impurities  derived  from  the  rocks 
from  whose  decomposition  the  clay  itself  has  been  formed.  The 
purer  kinds  of  clay,  such  as  kaolin  or  porcelain  clay,  are  products 
of  the  decomposition  of  feldspar,  a  mineral  composed  of  silicon, 
aluminum,  potassium,  and  oxygen  in  the  proportions  AljOj.K^O, 
tiSiOj.  When  exposed  to  the  atmosphere,  many  varieties  of 
feldspar  gradually  decompose,  an  alkaline  silicate  is  washed  away, 
and  silicate  of  aluminum  remains.  Clay  is  remarkable  on  ac- 
count of  its  plasticity  when  moist,  of  the  facility  with  which  it 
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ia  converted  into  stone- like  masses  when  strongly  heated,  and  of 
its  infnsibility  when  pure. 

Earthenware,  hrieks,  and  ordinary  pottery  are  made  from  com- 
mon clay,  by  mixing  the  clay  with  water  enough  to  form  a  plastic 
paste,  which  is  then  moulded  into  any  desired  form,  dried  and 
intensely  ignited.  The  porous  ware  resulting  &om  this  operation 
may  be  glazed,  and  so  made  impermeable  to  liquids,  by  coating  it 
over  with  some  fusible  substance,  such  for  example  as  a  mixture 
of  litharge  and  clay,  and  again  heating  it  so  intensely  that  the 
coating  shall  melt  to  a  glass,  which  either  fills  up  the  pores  of  the 
clay,  or  at  the  least  stops  their  openings.  Porcelain  proper,  and 
the  better  kinds  of  stoneware,  are  made  from  the  purest  varieties  of 
clay,  and  are  glazed  with  feldspar.  Common  stoneware,  such  as 
is  used  for  jugs,  beer-bottles,  and  the  like,  is  covered  with  the  so- 
called  salt-glaze: — Moist  chloride  of  sodium  is  thrown  into  the 
Hln  in  which  the  ware  ia  baking,  and  being  volatihzed  by  the 
intense  heat,  comes  in  contact  with  the  hot  stoneware  ;  decom- 
position ensues  ;  the  water  and  the  chloride  of  sodium  are  both 
decomposed,  silicate  of  sodium  is  formed,  and  by  mixing  witli  the 
■ilieatc  of  aluminum,  forms  a  smooth  hard  glaze  upon  the  surface 
of  the  ware. 

I'or  all  vessels  which  are  to  be  employed  for  chemical  or  culi- 
nnry  purposes  the  hard  and  durable  salt-glaze  is  very  mueh  to  he 
preferred  to  the  lead-glaze  prepared  from  litharge  and  clay;  for  the 
lead-glaze  is  readily  acted  upon  by  many  chemical  agents,  and  is 
liable  to  impart  its  poisonous  properties  to  articles  of  food  which 
have  been  left  in  contact  with  it. 

Fire-bricks,  crucibles,  and  similar  refractory  articles  fitted  to 
support  very  high  temperatures  without  undergoing  fusion,  are 
prepared  from  pure  varieties  of  clay,  free  from  iron,  lime,  or  mag- 
nesia, but  containing  an  unusually  large  proportion  of  silica. 
Some  varieties  of  fire-clay  contain  as  much  silica  as  is  represented 
by  the  formula  AljO^,68iOj,  while  the  composition  of  many  of 
the  common  clays  may  be  approximately  represented  by  the  for- 
mula Alj03,3SiOj,  or  better  by  the  formula  Al,0j,2Si0j.  In  the 
manufacture  of  fire-bricks,  and  of  many  varieties  of  potters'  ware, 
it  is  usual  to  incorporate  with  the  original  clay  a  certain  pro- 
portion of  foreign  matter  which  prevents  the  moulded  article 
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from  sliriniing  too  much  as  it  dries,  and  from  cracking.  In  fire- 
bricks the  coarse  powder  obtained  by  pulverizing  old  fire-bricks 
La  employed  for  this  purpose  ;  in  Hessian,  crucibles  it  is  very  easy 
to  detect  numerous  grains  of  quartz  sand ;  and,  in  general,  finely 
powdered  flint  or  quartz,  as  well  as  previously  baked  clay,  is 
used  for  the  same  purpose  in  many  varieties  of  pottery. 

611.  Silicate  of  aluminum  is  moreover  a  very  important  ingre- 
dient of  the  common  hydraulic  cement  employed  to  replace  lirae 
mortar  in  constructions  exposed  to  the  action  of  ■wat«r.  It  has 
been  found  that  by  carefully  burning  some  varieties  of  impure 
limestone,  containing  from  10  or  12  to  30  or  35  per  cent,  of  clay, 
and  mixing  the  product  with  water,  there  is  obtained,  in  place  of 
ordinary  mortar,  a  cement  capable  of  "setting"  or  hardening, 
even  under  water,  to  a  compact  stone.  Hydraulic  cements  may 
readily  bo  prepared  artificially  by  mixing  with  quicklime  a 
suitable  proportion  of  roasted  clay,  or  by  heating  mixtures  of  clay 
and  limestone ;  in  fact,  some  of  the  best  cements  now  in  use 
are  arliiicial.  A  porous  volcanic  stono  called  pozzotana,  from 
tfie  vicinity  of  Naples,  consisting  of  silicates  of  aluminum,  calcium, 
and  sodium,  was  much  used  by  the  Komans  to  the  same  end. 
When  powdered  and  mixed  with  ordinary  lime  the  pozzolana 
yields  an  excellent  hydraulic  mortar.  In  many  Koman  ruins  it 
may  be  seen  to-day  far  more  perfectly  preserved  than  the  bricks 
which  it  cements. 

When  treated  with  water  hydraulic  limes  simply  absorb  the 
water  and  form  a  sligktly  plastic  paste  without  greatly  increasing 
in  bulk ;  thoy  do  not  slake  or  evolve  much  heat  like  ordinary 
quicklime.  The  moist  paste  soon  begins  to  set,  and  is  then 
ready  for  applioarion.  la  order  that  the  cement  may  harden  pro- 
perly under  water  it  should  not  be  submerged  before  ic  has  begun 
to  set ;  it  should  in  any  event  be  kept  moist  until  it  has  become 
hard ;  otherwise  it  is  liable  to  remain  loose  and  porous. 

The  solidification  of  hydraulic  limes  appears  to  depend  upon 
the  formation  of  insoluble  hydrated  compounds  of  lime  with  sUicio 
arad  and  alumina.  Cements  which  contain  from  25  to  35  per 
cent,  of  clay  solidify  in  the  course  of  a  few  hours ;  but  those  in 
which  the  proportion  of  clay  is  no  more  than  10  or  12  per  cent, 
become  hard  only  after  the  lapse  of  several  weeks. 
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A  mixture  of  hTdraulic  cement  with  coarse  grave!  constitutes 
the  jndternl  k  low  n  as  emirr.'ti',  employed  for  the  foundations  of 
huildings  and  hy  the  aiiuieiita  for  walk  which  have  proved  to 
be  oi  gicat  durability;  this  mixture  soon  concretes  or  hardens 
into  a  firm  m  iss  well  nigh  impermeahle  to  water.  The  influence 
of  maoHp  la  la  the  preparafioa  of  hydraulic  mortars  has  already 
heen  mdicatei  m  §  5&3. 

612.  Glueinum  is  a  rather  rare  metal,  found,  together  with 
aluminum,  in.  the  emerald,  in  heryi,  and  a  few  other  minerals. 
It  closely  resembles  aluminum  in  its  physical  properties,  and 
forms  compounds  analogous  in  composition  to  those  of  aluminum, 
and  of  similar  chemical  deportment.  Like  aluminum,  metallic 
glncinum  may  he  reduced  from  its  chloride  by  means  of  sodium 
or  potassium.  There  is  but  a  single  oxide  of  glueinum,  GljOg,  and 
a  single  chloride,  Gl^Cl^.  Tlie  salts  of  glueinum  have  a  sweet 
taste,  whence  the  name,  from  a  Greek  word  meaning  sweet.  The 
atomic  weight  of  glueinum  is  14,  and  its  speciflc  gravity  2-1. 


613,  Chromium  ia  nowhere  found  in  very  larje  quantities,  nor 
is  it  very  widely  disseminated  in  snialj  portions  like  iodine  and 
fluorine,  but  it  is  nevertheless  found  in  snfiicient  abundance  to 
admit  of  its  compounds  being  rather  extensively  employed  in  the 
arts.  The  chief  ore  of  chromium  is  a  compound  of  oxide  of  chro- 
mium and  oxide  of  iron  (FeCr^OJ  called  ohrome  iron  oie  Me- 
tallic chromium  may  be  reduced  from  its  oxidi,  hy  means  of 
intensely  heated  charcoal,  and  from  its  chloride  by  me^ns  of 
sodium,  potassium,  magnesium,  or  zinc,  but  it  ha^  as  ^et  bien 
little  studied.  Its  specific  gravity  b  about  7,  and  its  atomic 
weight  52-5. 

614.  Oxides  of  Chromium.  —  Chromium  forms  three  well- 
defined  oxides  : — a  protoxide,  CrO ;  a  sesquioxide,  Cr^Oj ;  and  a 
teroxide,  CrOj,  called  chromic  acid.  Besides  these  there  is  a  com- 
pound of  the  protoxide  and  sesquioxide  (CrgO^=CrO,  CrjO,), 
another  of  tbo  sesquioxide  and  teroxide  (CrjOj,CrOji=3CrOj),  and 
an.  ill-defined  compound  containing  more  oxygen  than  chromic 
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acid,  usually  spokea  of  as  pereliromic  acid  (Cr,0,).  Both  the 
protoxide  and  the  sesquioxide  are  bases,  eorrespondiDf^  respectively 
to  oxide  of  magnesium  and  oxide  of  aluminum ;  but  the  protoxide 
and  all  its  compounds  rapidly  absorb  oxygen  from  the  air,  ynth 
formation  of  the  sesquioxide.  On  account  of  this  instability,  they 
aro  rarely  prepared,  and  are  mainly  interesting  from  their  ana- 
logy to  the  compounds  of  the  protoxides  of  manganese,  iron, 
cobalt,  and  nickel,  hereafter  to  be  studied.  The  sesquioxide,  on 
the  other  hand,  is  a  stable  compound,  closely  resembhng  oxide  of 
alumimim.  Chromic  acid  ia  a  strong,  well- characterized  acid, 
■which  combines  with  bases  to  form  a  fiieat  number  of  silts 

The  most  important  of  the  chromium  compounds  is  the  bichro- 
mate of  potassium ;  this  salt  is  readilj  procurable  in  commerce, 
and  is  the  source  from  which  all  the  other  compounds  of  chro- 
mium aro  commonly  derived  Bichiomito  ot  potassium  is  itself 
prepared  by  heating  finely  powdeicd  chmme  iron -ore  with  cir- 
bonate  and  nitrate  of  potassium  m  a  revLiberatori  furnace  The 
sesquioxide  of  chromium  of  the  ore  is  oxidized  and  converted  into 
the  teroxide,  chromic  acid,  which  displaces  the  carbonic  acid  of 
the  carbonate  of  potassium. 

615.  Sesquioxide  of  Chromium  (CijOj). — Compounds  of  this 
oxide  are  more  commonly  met  with  than  any  other  of  the  chro- 
mium salts,  except  the  salts  of  chromic  acid.  As  has  been  stated 
already,  compounds  of  the  protoxide  must  be  regarded  merely  as 
chemical  curicBi ties.  By  adding  ammonia-water  to  the  solution 
of  a  salt  containing  the  sesquioxide,  a  bulky  green  precipitate 
of  hydrated  sesquioxide  of  chromium  is  thrown  down,  which, 
when  collected  and  ignited,  leaves  the  anhydrous  oxide  as  a  bright- 
green  powder,  unchangeable  at  the  highest  furnace-heat.  It  is 
employed  in  the  decoration  of  porcelain,  and  is  a  valued  pigment 
much  used  in  painting  and  printing,  under  the  name  chrome  green. 

616.'  Chlorides  of  Chromium.— TheTs  are  two  of  these  com- 
pounds, the  protochloride  (CrCl^)  and  the  sesquichloride  (CtJC\). 
The  latter  compound  is  the  more  important,  and  is  the  substance 
usually  meant  when  chloride  of  chromium  is  spoken  of.  Hy- 
drjited  sesquichloride  of  chromium,  obtained  by  dissolving  the 
hydrated  sesquioside  in  chlorhydric  acid,  is  the  chloride  most 
commonly  met  with. 
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617.  SulpJiate  of  Chromium  (Cr^Oj.SROJ  is  Bometimes  prepared 
in  the  pure  state ;  but,  like  sulphate  of  nbminum,  it  ordinarily 
occurs  in  combination  with  sulphate  of  potassium  or  sulphate  of 
ammonium,  as  a  double  salt,  called  chrome  alum.  Chrome  alum 
ia  a  compound  of  a  beautiful  violet  color,  crystallizing  in  well- 
defined  octahedrons  of  the  same  form  as  the  crystals  of  ordiijary 
alum ;  its  composition  also  corresponds  to  that  of  common  alum, 
the  formula  of  the  chromium  salt  being  CrjK^4S0j  +  24HjO,  or 
E,0,SO,;  Cr^03,3SO,  +  24H,0. 

Exp.  314.— Dissolve  15  grms.  of  powdered  blchromaf*  of  potassium 
in  100  c.  c.  of  warm  water;  cool  the  solution,  and  then  add  to  it  25 
grms.  of  concentrated  sulphuric  acid ;  cool  the  liquor  again,  and  pour 
it  into  6  porcelain  disli,  surrounded  with  cold  wat«r ;  slowly  stir  into 
the  mixture  6  grms.  of  alcohol,  and  set  the  whole  aside.  In  the  course 
of  24  hours  the  bottom  of  the  diah  will  become  covered  with  well-de- 
fined octahedral  crystals  of  chrome  alum. 

The  alcohol  in  this  experiment  deprives  the  chromic  acid,  of  the 
bichromate  of  potassium,  of  half  its  oxygen,  and  is  itself  converted  for 
the  most  part  into  acetic  acid  and  water. 

618.  It  is  remarkable  that  the  salts  of  scsqnioxide  of  chromium, 
as  well  as  the  oxide  itself,  occur  in  two  isomeric  conditions.  One 
modification  is  known  as  the  green,  the  other  as  the  violet  modi- 
fication. As  a  rule,  the  violet  compounds  crj-stallize  readily, 
while  the  green  compounds  do  not.  In  the  preparation  of  chrome 
alum  it  is  important  to  guard  against  the  formation  of  a  green, 
soluble  sulphate  of  chromium,  which  does  not  crystallize.  In 
general,  if  the  solution  of  a  salt  of  the  violet  modification  is  heated 
nearly  to  boiling,  the  salt  passes  into  the  green  modification  and 
becomes  uncrystaUisable.  Hydrated  sesquioside  of  chromium,  as 
obtained  by  adding  a  caustic  alkali  to  the  cold  solution  of  a  chro- 
mium salt  of  either  modification,  is  readily  soluble  both  in  acids 
and  in  cold  solutions  of  caustic  soda  or  potash ;  but  on  boiling 
the  green  alkaline  solution,  all  of  the  chromium  is  precipitated 
as  a  hydrate  of  the  green  modification. 

JEqj.  315._p|ace  in  a  test-tube  a  few  drops  of  a  dilute  solution  of 
chrome  alum,  or  of  some  other  salt  of  sesquioxide  of  chromium  j  add. 
drop  by  drop,  a  solution  of  hydrate  of  sodium,  until  the  precipitate 
which  forms  at  first  is  completely  redissolved.  Boil  the  clear  solu- 
tion, and  observe  that  the  precipitate  which  again  forms  in  the  liijuor 
is  no  longer  soluble  in  alkalies. 
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JBy  meana  of  this  redction,  oxide  of  chromium  may  readily  be  sepa- 
rated from  oxide  of  aliiminuni ;  for,  as  has  been  seen  in  Eip.  309,  iilu- 
mina  ia  readily  soluble  in  allialine  solutions,  and  is  not  precipitated 
therefrom  by  boiling. 

619.  Chromic  Add  (CrO,)  may  be  obtained  by  decomposing 
bichromate  of  potassinm  with  sulphuric  acid. 

Slxp.  316. — Mix  40  c.  c.  of  a  cold,  aatui-ated,  aqueoua  solution  of  bi- 
chromate of  potassium  with  50  c.  c.  of  oil  of  vitriol,  in  a  small  beaker 
Bianding  in  cold  water,  and  observe  that  chromic  acid  is  deposited  in 
crystalline  needles.  It  is  remarkable  that  in  sulphuric  acid  of  1'66 
specific  gravity,  such  aa  is  obtdned  in  the  foregoing  mixture,  chromic 
acid  is  well  nigh  insoluble,  though  it  is  readily  soluble  both  in  water 
and  in  strong  sulphuric  acid.  Cover  the  beaker,  and  set  it  aside  for 
some  hours ;  finally  pour  off  the  supernatant  liquor  with  care,  scraps 
out  the  chromic  acid  with  a  glass  rod,  and  place  it  upon  a  dry,  porous 
brick,  under  an  inverted  bottle,  in  order  that  the  sulphuric  acid  which 
adheres  to  it  may  be  absorbed.  Preserve  the  dry  crystals  in  a  glass- 
stoppered  bottle.  Chromic  acid  deliq^uesces  rapidly  when  exposed  to 
the  air.  It  is  easily  brought  to  the  condition  of  s&C[uioside  of  chro- 
mium, both  by  heat  and  by  reducing  agents,  and  is  hence  an  oxidising 
agent  of  considerable  power. 

Exp.  317. — Shake  up  in  a  small  bottle  enough  strong  alcohol  to 
moisten  its  sides :  then  throw  in  half  a  gramme  or  less  of  chromic 
acid ;  a  portion  of  the  alcohol  will  be  oxidized  so  quicldy,  and  with 
evolution  of  so  much  heat,  that  the  remainder  will  take  fire  and  burn 

Several  of  the  salts  of  chromic  add,  as  well  as  the  acid  itself, 
are  employed  as  oxidizing  agents.  A  mixture  of  bichromate  of 
potassium  and  of  sulphuric  acid,  for  osample,  is  employed  for 
bleaching  certain  fats.  From  the  chromates,  both  oxygen  and 
chlorine  may  be  conveniently  prepared, 

Erp.  318. — Heat  a  mixture  of  6  grms.  of  powdered  bichromate  of 
potassium  and  9  grms.  of  concentrated  sulphuric  acid  in  a  small  fiask, 
provided  with  a  delivery-tube  leading  to  the  water-pan,  and  collect 
(he  oxygen  which  is  freely  evolved : — 
K,0,2CrO,  +  4(H,0,SO3)  =  CrjO^gSOa  +  Kfi,BO^  +  4H,0  +  80. 

Exp.  319. — Place  a  mixture  of  1  grm,  of  powdered  bichromate  of 
potassium  and  6  grms.  of  chlorhydric  acid  of  116  specific  gravity,  in 
a  flask  provided  with  a  delivery-tube,  as  in  Evp.  818.  Heat  the  flask 
gently  for  a  few  seconds  until  its  contents  begin  to  react  upon  one 
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anotlier ;  then  quickly  n 

of  the  chlorine,  wMch  will  c 

heating : — 

KjO,2Cr03  +  14HC1  =  CrjCln  +  2KC1  +  TJlfi  +  6C1. 

620.  Chromates.— 'As  has  been  already  indicated,  bichromate 
of  potassium  is  the  commonest  and  the  most  important  salt  of 
chromic  acid.  It  is  the  material  from  which  most  of  the  other 
compounds  of  chromium  are  prepared,  and  is  itself  important  in 
dyeing  and  calico-printing.  It  has  of  late  years  been  used  in  the 
art  of  photolithography. 

W  1  t        f     1  ti         d  b   h    mate  of  potassium  is  exposed 

tlltth  hm  aei  red  d  d  an  insoluble  compound  of 
git  d  sesq         d       f    1     m    ni    s  formed.     In  pi'actice,  albu- 

n     d  p  p  red  m      d    k        m  with  a  mixed  solution  of 

b  h  mat  f  p  tas.  m  d  g-  I  tm  th  n  dried,  pressed  smooth,  and 
k  J  t  alw  y  in  th  dark  til  wa  t  d  f  use.  If  a  sheet  of  this  pre- 
pared jiaper  be  placed  beneath  a  ne^atiYe  photographic  picture  (ob- 
tained in  the  usual  way)  and  exposed  to  light  for  a  short  time,  the 
chromic  acid  will  be  reduced  in  such  -wise  that  a  positive  picture  will 
be  obtained  upon  the  gelatine  paper.  In  this  positive,  as  taken  from 
the  press,  the  parts  acted  upon  by  the  light  will  be  brown,  while  the 
other  portions  of  the  sheet  retain  their  original  yellow  color.  The 
positive  is  thenwashed  with  water  in  such  manner  that  the  unchanged 
portions  of  gelatine  and  of  bichromate  are  diijsolvpd  away,  and  an  in- 
soluble, clearly  defined  iuipression  of  the  original  picture  is  left  upon 
the  paper.  By  means  of  pressure,  the  design  is  then  transferred  to 
the  lithographic  stone,  and  from  the  atone  any  desired  number  of 
copies  may  be  printed  upon  paper  with  ink  in  the  usual  way. 

Besides  the  bichromate  of  potassium,  there  are  several  other 
chromatea  important  in  the  arts  or  useful  to  the  analyst.  The 
normal  chromato  of  potassium  (K^O.CrOg)  is  a  yellow  salt,  readily 
obtainable  by  adding  a  molecule  of  carbonate  of  potassium  to  one 
of  the  bichromate ; — 

E:jO,2CrO^  -1^  KfifiO^  =  2(K^0,Cr03)  +  CO,. 

It  is  isomorpbous  with  normal  sidphate  of  potassium  (K^SO^), 
chromic  acid,  like  sulphuric  acid,  being  bibasic  (§  238).  The 
Bait  is  hence  easily  adulterated.  Chromate  of  barium  is  insoluble 
in.  water  and  in  acetic  acid ;  chromate  of  strontium  is  soluble  in 
acetic  acid,  though  nearly  insoluble  ia  water ;  while  chromate  of 
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calcium  IB  soluble  both  ia  water  anil  in  acetic  add;  hence  an 
easy  method  of  separating  compounds  of  either  of  the  three 
metals  from  mixtures  which  contain  compounds  of  all  three. 

Chromate  of  lead  is  the  pigment  called  uhrome-ycUow ;  it  may 
easily  he  prepared  by  mixing  solutions  of  bichromate  of  potassium 
and  acetate  of  lead.  An  orange-colored  dichromate  (SPbO.CrOj) 
may  be  obtained  by  boiling  together  yellow  chromate  of  lead  and 
slaked  lime  in  the  proportion  of  two  molecules  of  the  former  to 
ono  of  the  latter.  This  process  is  used  to  fix  a  permanent  orange 
upon  calico.  A  still  more  brilliant  color  may  be  obtained  by 
fusing  one  part  of  the  yellow  chromate  of  lead  with  five  parts  of 
nitre  ;  chromate  of  potassium  and  dichromate  of  lead  are  formed, 
and  the  former  may  be  washed  away.  Chromate  of  mercury,  of 
a  brick-red  color,  may  be  precipitated  by  adding  bichromate  of 
potassium  to  nitrate  of  protoxide  of  mercury,  or,  of  an  orange- 
yellow  color,  by  adding  the  potassium  salt  to  the  nitriite  of  di- 
oxide of  mercury. 

MANQABESE. 

621.  Black  oxide  of  manganese,  such  as  has  been  employed 
in  the  preparation  of  oxygen  and  of  chlorine  (§§  14,  105j,  is  a 
tolerably  abundant  mineral.  SmaU  quantities  of  manganese  exist 
also  in  a  great  number  of  other  minerals  and  rocks ;  so  that  the 
element  is  really  very  widely  diffused  in  nature.  It  is  often 
associated  with  ores  of  iron.  By  heating  oxide  of  manganese 
very  strongly  with  charcoal,  it  may  be  reduced  to  the  metallic 
state,  though  not  readily.  The  metal  is  of  a  grayish-white  color, 
and  is  very  hard  and  brittle.  It  oxidizes  quickly  when  exposed 
to  the  atmosphere ;  it  melts  only  at  the  strongest  heat  of  a  blast 
furnace.  The  specific  gravity  of  manganese  is  8,  its  atomic 
weight  is  BB.  It  slowly  decomposes  water  at  the  ordinary  tem- 
perature, and  dissol-  cs  readily  in  dilute  sulphnric  acid  with  evo- 
lution of  hydrogen.  Like  iron,  it  combines  with  carbon  and 
silicon.  Metallic  manganese  is  not  used  in  the  arts ;  and  the 
alloys  which  it  forms  with  the  other  metals  are  of  no  commercial 
importance,  except  that  a  small  proportion  of  manganese  is  pre- 
sent in  a  peculiar  kind  of  iron  largely  used  for  making  steel. 
622.  0.vides  of  Manganese. — Sis  well-deflned  compounds  of 
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ox^en  and  manganese  are  known ;  two  of  tbem  are  basea,  two 
are  acids,  and  two  may  be  regarded  as  Siilts,  formed  by  the  union 
of  the  oxides  one  with  the  other.  Protoxide  of  manganese 
(MnO)  is  a  powerful  base,  while  scsqiiioxide  of  manganese  (Mn^Oj) 
is  hut  a  weak  base.  Manganic  acid  (MnO,)  and  permanganic 
acid  (Mn^O,)  aro  well  ohara.cterizBd  as  acids,  though  thoy  are 
known  only  in  combination ;  they  have  never  been  obtained  in 
the  free  anhydrous  stato. '  On  the  other  hand,  binoxide  of  man- 
ganese (Mn„0^,Mn03=3MnO,)  and  the  red  oxide  (MnO,Mii.,0, 
=Mii30,)  are  both  neutral  or  indifferent  bodies;  they  exhibit 
neither  acid  nor  basic  properties, 

623.  Protoxide  of  Manganese  (MnO)  may  be  obtained  by  heat- 
ing carbonate  of  manganese  out  of  contact  with  the  air,  or  by 
heating  either  of  the  higher  oxides  of  manganese  to  redness  in 
contact  with  charcoal  or  hydrogen.  The  protoxide  is  itself  re- 
duced to  the  metallic  state  by  these  agents  only  at  a  white  heat. 
It  unites  freely  with  acids  to  form  salts  of  considerable  stability. 
The  crystallized  sulphate  MnS0,+5H,0  and  the  chloride  MnCl^ 
+  4H^0  are  commonly  employed  in  the  laboratory.  Both  of 
them  may  he  prepared  from  the  residues  obtained  in  the  prepa- 
ration of  chlorine  and  oxygen  (§§  lOS,  626).  Hydrated  prot- 
oxide of  manganese  may  be  precipitated  from  the  chloride  ns 
follows:—     ■ 

Krp.  320.— DiasolTe  a  small  crystal  of  chloride  of  manganese  in 
water ;  add  to  the  solution  soda-lye  until  the  liquor  exhibits  a  distinct 
alkaline  reaction  when  tested  with  litmus-paper.  Collect  the  gelati- 
nous white  precipitate  upon  a  filter,  and  observe  that  it  sooa  becomes 
brown  as  it  absorbs  oxygen  from  the  tdr ;  the  brown  product  ia  sesqui- 
oxide  of  manganese, 

Exp.  321.— Heat  a  portion  of  the  precipitated  hySrate  of  Exp.  820 
to  redness  upon  a  fragment  of  porcelwn ;  it  will  slowly  absorb  oxygen, 
and  change  to  the  deep-brown -colored  aesquioiide. 

&p.  322.— To  ft  solution  of  chloride  of  manganese,  such  as  was  pre- 
pared lu  Exp,  320,  add  a  few  drops  of  aulphydrate  of  ammonium  (J  626), 
A  flesh-colored  precipitate  of  sulphide  of  manganese  (MnS)  will  fall 
down.  Like  the  hjdiate  above  described,  this  precipitate  soon  becomes 
brown  by  exposure  to  the  air.  It  is  often  prepared  by  the  analyst 
when  testing  for  manganese, 

624,  Sesquioxide  of  Manganese  (Mn^O,)  occurs  in  nature  a. 
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the  mineraU  braiiDlte  and  manganite.  It  is  prepared  artificially 
bj-  roasting  the  protoxide  obtained  from  chlorine -residues,  and 
is  itself  used  to  a  coiisidei-able  extent  in  the  preparation  of 
chlorine ; — 

Mn^,  +  6HCI  =  SMaCIj  +  3H;,0  +  2(31. 
It  combines  with  acids  to  form  a  series  of  unstable  salts  ana- 
logous to  the  seaquisalts  of  iron,  though  far  less  permanent. 
A  solution  of  the  sesquisulphate,  for  example,  MUjOjiSSO,,  ia 
reduced  to  the  condition  of  protosulphate  by  mere  boiling.  In 
like  manner  the  sesqui chloride  Mn,Cl,  is  doubtless  formed  when 
the  protoohloride  is  treated  with  cold  chlorine,  or  the  sesquioxide 
is  digested  in  cold  ohlorhydric  acid;  but  the  salt  is  decomposed 
with  extreme  readiness,  and  splits  up  into  free  chlorine  and  the 
protoehloride  even  when  but  slightly  heated.  In  the  preparation 
of  clilorinc  from  the  sesquioxide  as  above  formulated,  there  is  no 
doubt  an  intermediato  reaction, 

Mn,0,   -1-   6HC1  =  Mn^Cl,  +   3H,0, 
before  the  final  breaking  up  of 

Mn^Cl,  into  2MnCl,  +  2a 
625.  Of  the  salts  of  the  sesquioxide,  the  double  compound 
of  sulphate  of  manganese  and  of  potassiiun,  known  as  man- 
ganese alum,  is  one  of  the  most  interesting;  it  is  of  analogous 
composition  to  ordinary  aluminum  alum,  and  ia  isomorphous 
with  this  body,  as  it  is  with  the  corresponding  alums  of  iron 
and  chromium.  The  series  of  double  salts  known  as  alums, 
admirably  illustrates  the  relationship  of  the  several  members 
of  the  group  of  metals  now  under  discussion,  and  the  law  of 
isomorphism  as  well.  It  is  interesting  to  observe,  moreover, 
that  the  name  alum,  originally  applied  specifically  to  the  com- 
pound of  sulphate  of  aluminum  and  of  potassium,  has  with 
the  growth  of  chemical  knowledge  come  to  have  a  generic  sig- 
nification. Several  salts  are  now  classed  as  alums,  into  the 
composition  of  which  neither  aluminum  nor  potassium  enters. 
The  following  list  enumerates  some  of  the  best-knowa  poiasr 
sinm  alums : — 

Common  alum  =  K,S0,,AJ,3S0i  -(,  24H:,0,, 
Chrome  alnnk  =  K^S0,,Cr,3S0^  +  24HjOi. 
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Manganese  alum  =  K^SO^Mn^SSO^  +  24H,0, 
Iron  alum  =  K,S0,,Fe^3S0^  +  24H,0. 
But  as  has  been  stated  in  §  609,  the  potassium  in  these  ..im- 
pounds may  be  replaced  by  any  metal  isoraorphous  with  pi-tas- 
sium.     There  are  ammonium  alums  and  sodium  alums  corre- 
Bponding  to  each  of  the  potassium   alums   above  enumerated, 
and  there  is  evidence  that  potassium  may  be  replaced  in  these 
alums  by  the  rarer  alkali-metals.     Some  alums,  on  the  othec 
hand,  are  composed  of  mixtures  in  various  proportions  of  alkali- 
metals,  and  of  the  metals  capable  of  forming  SMquioxides.   Besides 
these  true  alums,  there  are  allied  bodies  which  contain  no  alkali- 
metal  whatsoever;  such,  for  example,  are  the  following; — 
Aluminum  iron  alum  =  Fe80,,Al,3SO,  +  24H^0, 
Aluminum  magnesium  alum  =  MgSO^.AljSSOj  -J-  ^411^0, 
Aluminum  manganese  alum  =  MnS0,,Alj3S0j  +  24HjO, 
but  these  affiliated  alums  do  not  crystaUize  in  the  octahedral 
form  which  is  characteristic  of  the  alums  proper. 

626.  Biiwxide  of  Manganese  (MnOj.)  is  a  black  compound 
found  abundantly  in  nature,  and  largely  employed  in  the  arts  for 
the  purpose  of  evolving  chlorine  from  chloride  of  sodium  or 
chlorhydric  acid  (§  105),  as  well  as  for  decolorizing  glass.  It 
may  readily  be  prepared  artificially  from  the  lower  oxides  by 
the  action  of  oxidizing  agents.  By  itself,  at  tho  ordinary  tem- 
perature, binoxide  of  manganese  is  an  inert  chemical  substance, 
though  at  higher  temperatures  it  has  considerable  oxidi zing-power. 
At  a  strong  red  heat  it  gives  off  one-third  of  its  oxygen ; — 
3MnO,  =  Mn30.  +  20. 
Formerly  oxygen  was  often  prepared  in  chemical  laboratories 
by  heating  the  black  oxide  of  manganese  in  iron  retorts ;  but  the 
process  has  long  been  superseded  by  more  convenient  methods. 
The  oxide,  MngO,=MnO,MnjOj,  which  is  left  as  a  residue  in 
this  experiment,  corresponds  in  eompofition  with  the  magnetio 
oxide  of  iron,  an  important  ore  of  iron.  This  oxide  is  the  most 
easily  obtained  by  artificial  means  of  all  the  oxides  of  manganese  ; 
it  is  produced  when  the  protoxide  or  its  nitrate  or  carbonate  is 
strongly  heated  in  the  air,  or  when  either  of  the  higher  osidcs  is 
intensely  igaited. 
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Blaflk  oaide  of  manganese  is  insoluble  in  nitric  acid,  bnt  is 
decomposed  by  strong  Lot  chlorhydric  acid,  ■with,  formation  of 
protochloride  of  manganese  and  free  clilorine,  as  has  been  already 
explained  (§  105),  and  by  hot  concentrated  sidphiiric  acid  with 
oTolution  of  oxygen : — 

MnO,  +  H^SO^  =  MnSO^  +  H,0   +  0. 

Exp.  323. — In  a  small  glass  flask,  provided  with  a  suitable  delivery- 
tube,  lieata  mixture  of  15  grms.  of  powdered  black  oxide  of  manganeBe 
und  10  grms.  of  concentrated  sulphuric  acid,  and  collect  the  gas  over 
water  in  the  usual  way. 

After  all  the  available  oxygen  has  been  obtained  in  this  experiment, 
and  the  flask,  together  with  its  eontj;nts,  has  been  allowed  to  cool, 
pour  16  or  20  c  c  of  water  into  the  flask,  boil  the  mixture;  pour  it 
upon  a  filter,  and  evaporate  the  filtrate  to  dryness  upon  a  water-bath, 
taking  care  to  stir  it  constantly  when  nearly  dry.  Hjdrated  sulphate 
of  manganese  (MnS0,,4H30)  will  be  obtained  as  a  reddish-white 
powder. 

Sxp.  824,— For  the  sake  of  comparing  the  old  process  of  makin|f 
oxygen  with  methods  now  in  use,  chai'ge  an  ignition-tube,  such  as 
was  used  in  Exp.  7,  to  one-third  of  its  capacity,  with  black  oxide  of 
manganese,  connect  it  with  the  water-pan  in  the  usual  way,  heat  it 
strongly  over  the  gas-lamp,  and  observe  the  comparatively  slow  rate 
at  which  oxygen  is  evolved  from  it. 

627.  Manganic  Acid  (MnO,)  has  not  yet  been  obtained  in  the 
free  state ;  it  is  known  only  as  it  occurs  in  combination  with  potash 
or  some  other  base.  Of  the  manganat^^s,  those  of  potassium, 
sodium,  and  barium  arc  the  best-knows ;  they  are  isomorphous 
with  the  corresponding  ohromates,  sulphates,  and  seleniates.  The 
alkaline  manganates  are  important  compounds  to  the  analyst. 

JSxp.  325.— Place  upon  a  piece  of  platinum-foil  as  much  dry  car- 
bonate of  sodium  as  could  be  held  upou  half  a  pea;  mix  with  it  rm 
equal  quantity  of  powdered  nitrate  of  potassium  and  a  bit  of  binoxide 
of  manganese  as  large  as  the  head  of  a  small  pin.  Fuse  the  mixture 
in  the  outer  blowpipe-flame,  and  observe  the  bluish-green- colored 
manganate  of  sodium  which  is  produced. 

JBay.  326.— Melt  together  in  an  iron  ladle  over  an  anthracite  or 
charcoal  fire,  10  grms.  of  hydrate  of  potftasium,  and  7  grms.  of  chlo- 
rate of  potassium ;  stir  into  the  pasty  liquid  8  grms.  of  very  finely 
powdered  black  oxide  of  manganese,  and  maintain  the  mixture  for 
a  short  time  at  a  temperature  just  below  visible  redness,  taking  caro 


;j.,  Google 


532  CHiMELFX)l(  MINEEili. 

to  atir  it  frequently  with  an  iron  rod.  When  the  cromhly  mass  has 
become  cold,  place  some  of  it  in  o  test-tube  with  a  small  quantity  of  cold 
water  and  shako  the  tube.  Ab  soon  as  the  solid  particles  have  settled, 
there  -will  be  seen  a  clear  green  liquid,  which  is  a  solution  of  man- 
gaiiat«  of  potassium. 

Exp.  327. — Pour  off  half  of  the  green  solution  of  manganate  of 
potassium  into  another  short  te'Jt-tuhe,  and  leave  it  open  to  the  air; 
the  green  color  of  the  solution  will  gradually  change  to  blue,  then 
to  riolet  and  to  pm'ple,  and  finally  to  ruby  red.  The  red  color  is 
that  of  a  solution  of  permanganate  of  potassium,  into  which  the  mnn- 
ganate  is  converted  by  exposure  to  the  air.  The  intermediate  colors 
ere  merely  mixtures  of  the  manganate  green  and  the  permangaoate 
crimson.  On  account  of  these  remarkable  changes  of  color,  (he  name 
chameleon  mineral  has  been  applied  to  manganate  of  potassium,  and 
by  this  term  it  is  stili  commonly  known. 

Manganate  of  potassium  is  a  very  unstable  salt,  especially  when  in 
solution;  it  may  be  readily  decomposed  in  a  great  variety  of  ways. 
It  bveahs  up  into  permanganate  of  potsssium  and  binoxide  of  man- 
ganese when  the  aqueous  solution  is  mixed  with  a  large  quantity  of 
water,  and  even  strong  solutione  are  rapidly  decomposed  in  the  same 
way  by  boihng : — 

SKsMnO,  +  2H,0  =  K^MnjO,  +  MnO,  +  4KH0. 

By  means  of  acids,  the  change  from  manganate  to  permanganate 
maybe  almost  instantaneously  effected;  but  by  the  presence  of  an 
excess  of  alkali  the  decomposition  is  always  greatly  retarded. 

Sxp.  328. — Add  a  few  drops  of  sulphuric  acid  to  the  remaining 
portion  of  the  aolulion  of  manganate  obtained  in  Exp.  S26,  and 
observe  that  a  quantity  of  the  red  permanganate  of  potassium  is 
immediately  produced. 

628.  PerTnanganic Acid (Mafi.),  or raiheritshjitate  THJiSuJO^, 
maybe  obtained  in  aqitcous  solution  by  decomposing  permanganate 
of  barium  with  sulphurie  acid.  The  solution  bleaches  powerfully, 
and  the  acid  is  rapidly  destroyed  by  organic  matter  and  other 
reducing  agents.  Of  the  compounds  of  this  acid,  that  with 
potassium  is  by  far  the  best-known. 

Erp.  329. — Place  300  c,  c,  of  water  in  a  porcelain  dish,  heat  it  to 
boiling  and  add  to  it  by  portions  the  remainder  of  the  powdered 
green  manganate  of  Exp.  32G ;  &om  time  to  time  add  small  portions 
of  hot  water  to  replace  that  which  evaporates,  and  continue  to  boil 
witil  the  green  color  of  the  solution  has  changed  to  deep  violet  red, 
tad  the  manganate  of  potassium  has  all  been  changed  to  permanganate. 
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In  case  the  manganato  contains  a  large  excess  of  free  altali  it  cannot 
readily  be  com  rted  into  permanganate  by  boiling;  itwiD  tbereforo 
often  be  found  nece';=arv  to  neutralize  witli  nitric  acid  a  portion  of  the 
ftlkali  which  is  in  e'^ccaa  As  aoon  as  the  transformation  has  been 
compleled,  pour  the  mixture  into  a  lall  bottle,  leave  it  at  rest  until 
the  binoside  of  manganese  and  otlier  insoluble  matters  liave  settled; 
then  decant  the  clear  iiquor  into  a  glass-stoppered  bottle,  and  preserve 
it  for  use  m  subsequent  experiments.  The  insoluble  deport  may  be 
again  boiled  with  water  and  allowed  to  settle;  the  clear  liquor  thus 
obtained  may  be  added  to  that  previously  prepared. 

In  order  to  obtain  crystals  of  the  permanganate,  a  clew  solution 
like  that  above  described  should  be  rapidly  evaporated  to  a  small  bulk, 
then  decanted  from  the  binoxide  of  manganese  which  is  precipitated 
during  the  process,  and  set  aside  to  cool.  Needle-shaped  erjatals  of  a 
dark  purple-red  color  will  soon  be  formed;  they  are  soluble  in  16  parfa 
of  water  at  16°,  and  are  permanent  in  the  air.  It  is  well  to  purify  the 
first  crop  of  crystals  by  washing  them  with  a  little  cold  water,  then 
dissolving  in  the  least  posMbla  quantity  of  boiling  water,  and  again 
crystallising  in  the  cold.  Neither  the  crystals  nor  the  solution  should 
ever  be  brought  into  contact  with  paper,  Decantation  will  ordinarily 
be  sufficient  in  order  to  separate  the  crystals  fram  the  mother-liquor; 
but  if  filtration  be  necessary  in  any  case,  aa  asbestos  filter  should  be 
employed  (Appendix,  S  14). 

629,  The  permanganates  are  isomorphous  with  the  perchlorates 
(§  125),  and  the  potassium  salts  of  the  two  acids  are  capable  of 
crystallizing  together  in  all  proportions.  These  compound  crystals 
are  red-colored  when  they  contain  much  perchlorate  of  potassium, 
but  are  black  if  they  contain  as  mueli  as  half  their  weight  of  the 
permanganate. 

In  the  same  way  that  perchloric  acid  is  a  more  stable  acid  than 
chloric  acid,  so  permanganic  acid  is  less  readily  decomposed  than 
manganic  acid.  Both  manganic  acid  and  permanganic  acid,  how- 
ever, give  up  oxygen  to  other  substances  with  remarkable  faci- 
lity, and  are  much  used  as  oxidizing  agents.  Even  a  piece  of 
wood  or  paper  thrown  into  the  green  or  red  solution  of  a  manga- 
nate  or  permanganate,  will  quickly  abstract  oxygen  from  the 
Boiution  and  destroy  its  color.  In  filtering  the  colored  solutions, 
paper  ia  consequently  inadmissible,  aa  has  been  stated  in  Exp. 
329  ;  asbestos,  sand,  or  some  other  inert  iiltering-matcrial  must 
be  resorted  to.     Permanganate  of  potassium  is  largely  employed 
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for  disinteeting  putrid  water  and  animal  or  vegetaHe  mattera 
in  a  condition  of  putrofaction.  A  solution  of  it,  such  aa  has  heen 
prepared  in  Exp.  329,  is  of  great  use  in  volametric  analysis, 
especially  for  testing  the  value  of  iron  ores, 

IRON. 

630.  Although  iron  is  one  of  the  most  widely  diffused  and 
most  ahundant  of  the  metals,  it  is  rarely  found  native  in  the  me- 
tallic state.  Jtetfiors,  however,  fall  upon  the  earth  from  outer 
space,  which  consist  mainly  of  metallic  irou,  contaminated  with 
several  other  elements  in  small  proportions.  Minerals  containing 
iron  occur  in  great  numbers ;  and  there  are  indeed  few  natui-al 
substances,  whether  organic  or  inorganic,  in  which  iron  is  not 
present.  It  is  found  in  the  ashes  of  most  plants,  and  in  the  blood 
of  animals.  The  natural  compounds  of  iron  which  are  available 
as  ores  of  the  metal,  are  chiefly  oxides  and  carbonates.  The  most 
important  varieties  of  these  ores  of  iron  are  the  following: — 1. 
Magnetic  iron-ore,  the  richest  of  the  ores  of  iion,  containing  when 
pure,  72-41  per  cent,  of  iron,  and  not  infrequently  approximating 
closely  to  this  composition  in  large  masses.  2.  Sed  Scematite, 
consisting,  when  pure,  of  anhydrous  sesquioxide  of  iron  contain- 
ing 70  per  cent,  of  iron ;  tiiis  ore  often  yields  from  60  to  69  per 
cent,  of  the  metal.  3,  Specular  iron-ore,  which  is  a  crystalline 
form  of  the  same  anhydrous  sesquioxide  of  iron,  4,  Limonite,  or 
Brown  iron-ore,  which  consists  essentially  of  hydrated  sesquioxide 
of  iron,  containing  59-89  per  cent,  of  iron;  yellow  ochre  is  a 
clayey  variety  of  this  very  ahundant  ore ;  the  numerous  ores 
classed  under  this  head  yield  from  25  to  55  per  cent,  of  iron.  5. 
Spathic  iron-ore,  or  Carbonate  of  iron,  which  contains  in  its 
purest  state  48-27  per  cent,  of  iron,  but  is  so  generally  contami- 
nated with  manganese,  calcium,  and  magnesium  as  to  yield  very 
various  quantities  of  iron,  ranging  from  14  to  43  per  e<nt.  6.  Glay 
iron-ore,  a  name  applied  to  a  mixture  of  clay  and  carbonate  of 
iron,  which  occurs  very  abundantly  in  the  coal-measures  i  as  this 
ore  is  a  mixture  in  uncertain  proportions,  it  yields  various  per- 
centages of  iron,  ranging  fi-om  25  to  40  per  cent 

From  the  richHr  iron-ores,  like  the  magnetic  and  speenlar 
oxides,  a  very  excellent  iron  can  he  obtained  by  simply  heating 
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the  bi-okea  ore  with  charcoal  in  an  open  forge  fire,  urged  bj  a 
blast.  The  ore  is  deoxidized  by  the  carbon  of  the  fuci,  and  the 
reduced  iron  ia  agglomerated  into  a  pasty  Jump  caUed  a  "  bloom," 
while  tho  earthy  impurities  contained  in  the  ore  combine  with  a 
portion  o£  the  oxide  of  iron  to  form  a  fusible  glass  or  slag.  The 
spongy  bloom  is  freed  from  slag  and  rendered  homogeneous  and 
solid  by  hammering  while  still  red-hot ;  by  reheating  and  ham- 
mering, the  iron  is  then  converted  into  bars  or  shaped  into  any 
other  desired  form.  This  process  is  not  economical  in  the  che- 
mical sense,  for  much  iron  ia  lost  in  the  slag,  and  much  fuel  ia 
burnt  to  waste  in  an  open  fire ;  but  when  well  conducted,  it  yields 
an  admirable  ijuality  of  iron ;  and  since  the  original  outlay  for 
the  oonstmction  of  a  bloomiiry  is  small,  and  repairs  upon  it  are 
always  easy,  the  method  has  many  advantages  in  regions  where 
transportation  is  dear  while  rich  ores,  charcoal,  and  wat«r-power 
abound.  The  bloomary  process,  in  its  crudest  form,  ia  easily 
practised  by  people  possessing  but  KtUe  mechanical  skill  and  no 
chemical  knowledge ;  it  is  undoubtedly  the  oldest  method  of  ex- 
tracting iron  from  its  ores. 

631.  In  the  extraction  of  iron  from  its  common  ores,  the  metal 
is  usually  obtained,  not  pure,  but  in  a  carburetted  fusible  state, 
known  aa  cast  iron  or  pig  iron.  The  main  features  of  the  pro- 
cess are,  first,  a  previous  calcination  or  roasting  to  eipel  water, 
carbonic  acid,  sulphur,  and  other  volatile  ingredients  of  the  ore  ; 
secondly,  the  reduction  of  the  oxide  of  iron  to  the  metalUc  state 
by  ignition  with  carbon ;  thirdly,  the  separation  of  the  earthy 
impurities  of  the  ore  by  fusion  with  other  matters  into  a  crude 
glass  or  slag ;  and,  lastly,  the  carbonizing  and  melting  of  the  re- 
duced iron.  With  the  purer  kinds  of  ii-on-ore,  tho  preliminary 
calcination  is  not  always  essential ;  but  with  the  majority  of  ores 
it  is  very  desirable  ;  not  unfreqnontly  all  the  drying  necessary  is 
effected  in  the  upper  part  of  the  blast  furnace  itself,  within  whlcli 
the  three  last  steps  of  the  process  always  take  place. 

The  blast  furnace  for  iron  consists  essentiaDy  of  a  huge  cylin- 
drical stracture  of  masonry,  15  to  25  m.  in  height,  and  5  to  6  m. 
in  diameter  at  tl.o  central  portion  of  the  cylinder,  but  contracted 
to  a  less  diameter  both  at  the  top  or  throat  and  at  the  bottom  or 
hearth.     Air  is  forced  in  at  the  bottom  of  the  furnace  to  support 
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the  conibnstion,  and  it  has  been  found  advanfaireoua  in  the  ma- 
jority of  cases  to  hej.t  this  blast  of  an  to  ibi  ut  the  mcltmg- point 
of  lead  before  it  entirs  the  iumtoe  The  reJimicn  of  tho  oxides 
of  iron  being  effected  by  the  carbonic  oxide  resulting  from  the 
combination  of  cirbunic  acid  with  hot  carbon  (Exp  181),  it  is 
not  dif&onit  fo  cilculate  the  amnnnt  of  larbon  and  the  amount  of 
air  requisite  to  reduce  to  metallic  at<ite  the  irun  contained  in  a 
given  weight  of  an  iron  ore  ot  known  composition  Thus  the 
formula  of  specular  iron-ore,  or  of  red  hiemafite,  is  Fefi^,  and, 
since  the  atomic  weight  of  iron  is  56  these  ores  ire  70  per  cent, 
iron ;  accordingly  the  following  quantities  are  eijuivalent  one  to 
the  other : — 

1     =     1-429        -        0-3314  -  0-42S5      =        1'865. 

Loa         FcjO^         Requisite  weight     Weight  of  oxygen        Air. 
of  carbon  in         requisite  to  convert 
state  of  CO.  so  much  C  to  CO. 

For  every  kilogramme  of  iron  produced,  nearly  two  kilogrammes 
of  air  must  be  supplied,  and  at  least  ^  kilogramme  of  fuel,  merely 
to  accomplish  the  chemical  reaction.  The  reduction  of  the  oxide 
of  iron,  however,  is  not  alone  sufficient  to  secure  the  nietaJ ;  iroa- 
orcB  almost  always  contain  earthy  admixtures,  consisting  chiefly 
of  silica,  clay,  and  carbonate  of  calcium ;  and  these  substances  are 
BO  intimately  mixed  with  the  reduced  metal,  ihat  it  is  essential 
to  melt  them  before  the  iron  can  separate  by  virtue  of  its  greater 
specific  gravity.  Any  one  of  these  substances  taken  alone  is  in- 
fusible at  the  tempcraluro  of  the  furnace ;  they  must  be  converted 
into  fusible  double  silicates  ;  and  as  it  is  rarely  the  case  that  the 
natural  impurities  of  an  ore  are  present  in  the  proportions  requi- 
site for  the  fonuation  of  such  double  silicates,  it  is  generally 
necessary  tp  mix  with  the  ore  a  substance  intended  to  effect  this 
result,  and  therefore  called  the  Jlvx.  "With  ores  in  which  the 
earthy  ad  isture  is  chiefly  calcareous,  tho  flux  must  be  clay  or 
some  siliceous  material ;  but  in  the  more  fi-equont  case  of  ores  con- 
taining elay  or  silica,  the  flux  will  be  limestone  or  quickiipie. 
In  either  case,  a  fusible  double  silicate  of  aluminum  and  calcium 
is  the  essential  constituent  of  tlie  slag.  With  siliceous  ores  there 
is  another  reason  for  the  addition  of  lime  ;  the  double  silicate  of 
aluininum  and  iron  is  very  fub-ibie,  and  a  'considerable  quantity 
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of  iron  might  be  lost  in  the  alag,  were  not  lime  enough  added  to 
prevent  the  formation  of  tliis  iron-containing  silicate.  Sometimes 
both  calcareous  and  siliceous  ores  are  within  reach  of  an  iron- 
furnace,  and  the  smelter,  by  mixing  the  two  varieties  in  due  pro- 
portion, may  avoid  the  necessity  of  adding  a  flux. 

The  blast  furnace  is  charged  at  the  top  with  alternate  layers  of 
the  fuel  (which  may  either  be  charcoal,  anthracite,  or  coke),  the 
ore,  and  the  flux,  wliich  is  generally  lime  ;  these  materials  are 
constantly  supplied  at  the  top,  and  air  is  constantly  supplied  in 
immense  quantities  at  the  bottom  of  the  furnace,  the  actual  weight 
of  the  air  forced  in  being  greater  than  the  sum  of  the  weights  of 
the  ore,  the  fuel,  and  the  flux.  "Where  the  blast  first  touches  the 
ignited  fuel,  carbonic  acid  is  formed ;  this  gas,  rising  with  the 
unused  nitrogen  through  the  furnace,  comes  in  contact  with  white- 
hot  carbon,  and  is  reduced  to  carbonic  oxide  (Esp.  181).  The 
layers  of  solid  material  thrown  iu  at  the  top  of  the  furnace  gra. 
dually  sink  down,  and  as  soon  as  a  stratum  of  ore  has  descended 
sufficiently  to  be  heated  by  the  hot  mixture  of  nitrogen  and  car- 
bonic oxide  it  becomes  reduced  to  spongy  metallic  iron,  which, 
mixed  with  the  flux  and  the  earthy  impurities  of  the  ore,  settles 
down  to  hotter  parts  of  the  furnace,  where  it  enters  into  a  fusible 
combination  with  carbon,  while  the  flux  and  earthy  impurities 
melt  together  to  a  liquid  slag.  The  liquid  carburetted  iron  settles 
to  the  very  bottom  of  the  furnace,  whence  it  is  drawn  out,  at 
intervals,  through  a  tapping-hole,  which  is  stopped  with  sand 
when  not  in  use.  The  viscous  slag  flows  out  over  a  dam,  so  placed 
as  to  retain  the  iron,  but  to  permit  the  escape  of  the  slag  which 
floats  on  the  iron,  as  fast  as  it  accumulates  in  sufficient  qnantily. 
The  fusion  of  the  materials  in  the  lower  part  of  the  furnace  re- 
quires a  great  heat  and  the  amount  of  fuel  consumed  in  getting 
this  high  temperature  is  mnch  greiter  thin  the  amount  requisite 
for  the  reduction  and  cjrboniz<st)on  of  the  metal  \s  charcoal 
IS  a  much  purer  carbon  than  coal  or  coke,  iion  smelted  with  char- 
co<d  IS  generally  purer  than  that  smelted  with  oal ;  but  as 
charcoal  01  ujibles  under  gioat  piesiure  the  fumms  in  which 
charcoal  is  used  are  usu  \\\  much  bmaller  than  those  intended 
for  anthracite  or  coke  The  consumption  of  tutl  in  smelting 
1000  k  of  iron  varies  with  the  nature  of  the  furnace,  the  blast, 
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and  the  fuel,  between  500  k,  aad  3000  k.  The  gases  which  issue 
from  the  mottth  of  the  hlast  furnace  are  charged  with  an  enor- 
mous he ating- power ;  for  hesides  being  themselves  intensely  hot 
they  contain,  even  after  having  effected  the  I'eduction,  a  large 
proportion  of  combustible  gases,  such  as  carbonic  oxide,  carbu- 
retted  hvdrogen,  and  hydrogen.  This  gaseous  misture  takes  fire 
whenever  it  comes  in  contact  with  the  air ;  a  part  of  its  heat  may 
be  utilized  in  heating  the  air-blast  and  generating  st«am. 

Two  distinct  varieties  of  cast  iron  exist,  which  differ  in  color, 
texture,  a,nd  fusibility;  these  are  white  east  iron  and  gray  oast 
iron.  White  iron  is  hard  and  brittle,  of  crystalline  texture  and 
shining  fracture.  Gray  iron  is  slightly  malleable,  and  Las  a 
granular  texture ;  its  fracture  may  be  either  coarse  or  fine-grained, 
and  minute  particles  of  black  graphite  are  visible  upon  the  broken 
surface.  White  east  iron  melts  at  a  lower  temperature  than  gray, 
but  does  not  become  so  liquid  as  the  gray.  Gray  east  iron,  when 
rapidly  cooled,  is  converted  into  white  iron ;  when  a  easting  is 
made  in  an  iron  mould,  the  layer  of  metal  in  contact  with  the 
mould  is  chilled  and  conveitied  into  the  bardwliite  iron,  while  the 
interior  of  the  casting  will  retain  the  conditiou  of  the  stronger 
gray  iron.  Excellent  shot  and  sheU  for  rifled  cannon  have  lately 
been  cast  on  this  plan.  The  chief  chemical  difference  between 
white  and  gray  cast  iron  consists  in  the  different  condition  of  the 
admixed  carbon.  In  white  iron  the  carbon  seems  to  be  dissolved 
in  or  combined  with  the  iron,  while  in  gray  east  iron,  on  the 
other  hand,  the  greater  part  of  the  carbon  seems  to  be  mechanically 
difi'used  through  the  solid  iron,  in  the  state  of  graphite.  The  two 
varieties,  however,  shade  off  into  each,  other  through  a  great  va- 
riety of  intermediate  mixtures.  White  cast  iron  rusts  much  more 
slowly  than  gray  cast  iron.  When  white  iron  is  heated  with 
strong  chlorhydric  acid  it  entirely  dissolves,  but  the  combined 
carbon  enters  into  combination  with  a  portion  of  the  nascent 
hydrogen,  forming  hydrocarbons  which  impart  a  peculiar  smell  to 
the  gas  evolved.  Gray  iron  does  not  wholly  dissolve  in  hot  chlor- 
hydric acid ;  a  residue  of  graphite  remains ;  but  the  gas  evolved 
has  the  same  smell  as  the  gas  evolved  from  white  iron.  When 
bars,  plates,  or  implements  of  common  cast  iron  are  exposed 
to  the  slow  action  of  dilute  acids  or  of  saline  solutions   such 
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fts  Bea-'water,  flie  iron  is  not  infrequently  wholly  i 
away,  while  the  graphitic  carbon  remains  untouched — a  light, 
soft,  Bectile  Buhstanco  which  often  retains  the  color  and  form 
of  the  original  artiole,  but  possesses  neither  hardness  nor  tena- 
city. The  lai^est  proportion  of  carbon  found  in  east  iron  ia 
5-75  per  cent. ;  this  large  percentage  occurs  in  a  lustrous  vailety 
of  white  iron  whieh  contains  manganese  and  is  called  specular 
iron.  In  gray  iron  the  arnount  of  carbon  varies  from  2  to  nearly 
6  per  cent. 

Silicon,  sulphur,  phosphorus,  manganese,  and  copjjer  are  very 
common  impurities  in  east  iron.  The  silicon  comes  from  silica 
deoxidized  in  the  furnace  ;  its  amount  varies  from  0*1  to  3-5  per 
cent.  There  ia  more  of  it  in  gray  than  in  whit*  iron,  and  more  ia 
hot-blast  iron  than  in  cold-blast.  Sulphur  is  almost  always  pre- 
sent in  cast  iron,  but  only  in  very  small  quantity ;  its  presence 
is  supposed  to  conduce  to  the  formation  of  white  iron.  The  pre- 
sence of  phosphorus  to  the  extent  of  1  or  2  per  cent,  is  not  un- 
common, and  does  not  injure  iron  intended  for  castings,  inasmuch 
as  the  phosphorus  makes  the  iron  more  fusible,  and  more  liquid 
when  melted.  Manganese  is  frequently  present  in  cast  iron,  as 
is  not  unnatural  considering  the  common  association  of  n: 
ores  with  iron-ores.  Cast  iron  containing  manganese  a 
be  especially  suitable  for  the  production  of  steel. 

The  production  of  malleable  or  "wrought"  iron  from  east 
iron,  consists  essentially  in  burning  out  the  carbon,  silicon,  sul- 
phur, and  phosphorus  which  cast  iron  contains.  This  oxidation 
of  the  impurities  of  cast  iron  is  effected  either  by  blowing  upon 
the  melted  metal  with  an  air-blast  in  a  small  charcoal  furnace 
called  a  "  finery,"  or  by  stirring  the  melted  iron  in  a  reverbera- 
tory  furnace  in  which  the  fuel  does  not  come  in  contact  with  the 
metal,  and  into  which  air  can  be  admitted  at  will ;  the  latter  pro- 
cess, now  mueli  the  most  important  method  of  manufacturing 
wrought  iron,  is  called  "puddling."  In  puddling  it  is  customary 
to  add  to  the  charge  of  pig  iron  a  quantity  of  iron  scale  or  other 
oxide  of  iron.  The  oxidation  of  the  silieon,  carbon,  phosphorus, 
and  other  impurities  is  effected  partly  by  the  air  and  partly  by 
the  oxide  added  to  the  charge ;  the  carbon  bums  to  carbonic 
oxide,  which  heaves  the  seething  mass  as  it  escapes  and  burns  in 
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jets  of  bine  flame  ;  the  other  impurities  form,  with  the  oxides  of 
iron  and  manganese,  a  cinder  or  slag  which  ordinarily  contains 
sulphur,  silicie  acid,  and  phosphoric  acid.  When  the  cast  iron  is 
BO  far  decarbonized  as  to  be  pasty  in  the  fire,  it  is  gathered  into 
lumps  on  the  end  of  an  iron  bar  and  carried  from  the  furnace  to 
a  hammer  or  squeezer  which  expresses  the  liquid  slag  and  welds 
into  a  coherent  mass  the  tenacious  iron.  The  hammered  lump 
may  be  reheated  and  rolled  or  foiled  into  any  desired  shape. 
The  waste  of  iron  in  converting  cast  into  malleable  iron  amonnfs 
to  from  13  to  30  per  cent. 

Ordinary  malleable  iron  has  a  gray  color,  and  a  specific  gravity 
of  about  7-6,  Though  less  malleable  than  gold  and  silver,  its 
malleability  is  very  great,  and  the  greater  the  purer  the  metal 
and  the  higher  the  tempeiature  to  which  it  is  raised.  At  a  red 
heat,  separate  pieces  may  bo  firmly  united  by  hammering  or 
rolling  ;  the  operation  is  called  welding.  Sulphur  is  said  to  ren- 
der wrought  iron  brittle  while  hot  or  "  red-short ; "  siUcon  and 
phosphorus  render  iron  brittle  at  the  ordinary  temperature,  or 
"  cold-short,"  in  technical  phraseology.  These  common  impu- 
rities of  cast  iron  are  therefore  very  prejudicial  to  wrought  iron. 
Wrought  iron  is  hammered  or  rolled  while  in  a  doughy  condition ; 
and  the  uniform,  dose,  fibrous  texture  which  is  valued  in  mal- 
leable iron  depends  much  upon  the  nature  of  this  mechanical 
treatment,  and  the  extent  to  which  it  is  carried.  Common  mal- 
leable iron  still  contains  from  025  toOSper  cent,  of  carbon;  the 
smaller  the  amount  of  carbon  the  softer  the  iron.  Wrought  iron 
dissolves  almost  completely  even  in  dilute  acids ;  but  the  hydrogen 
evolved  has  the  peculiar  smell  atti'ibuted  to  the  presence  of  car- 
bonaceous vapor. 

632.  Sted. — This  invaluable  siibstanee  is  in  composition  inter- 
mediate between  cast  and  wrought  iron,  containing  less  carbon  than 
cast  iron,  but  more  than  wrought.  It  may  be  made  from  wrought 
iron  by  heating  bars  of  iron  to  redness  for  a  week  or  more  in  con- 
tact with  powdered  charcoal  in  close  boxes  from  which  air  is  care- 
fully excluded.  Though  the  iron  is  not  fused,  nor  the  carbon 
vaporized,  yet  the  carbon  gradually  penetrates  the  iron  and  alters 
its  original  properties ;  when  the  bars  are  withdrawn  from  the 
chests  in  which  they  were  packed, the  metal  has  become  fine-grained 
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in  fracture,  more  brittle,  and  more  fusible.  The  bars,  how- 
ever, are  far  from  uniform  in  composition,  the  outside  being  more 
highly  carbonized  than  tfic  interior  ;  they  are  apt  to  show  blisters 
of  various  sizes  on  the  surfaces,  and  the  steel  thus  prepared  is 
called  ■'  blistered  "  steel.  To  obtain  steel  of  a  uniform  quality,  it 
must  be  cast  into  ingots.  This  process  of  preparing  steel  is  called 
the  "  cementation  "  process ;  it  is  a  curious  instance  of  chemical  ac- 
tion between  solid  materials  which  are  apparently  in  a  state  of  rest- 
Since  the  materials  used  in  this  process  are  the  purest  attainable 
— tLo  best  iron  and  the  best  charcoal — the  steel  obtained  is  of 
the  best  quality.  Cheaper  methods  of  preparing  an  inferior  steel 
are,  however,  of  great  industrial  importance.  If  the  "  puddhng  " 
process  for  preparing  malleable  iron  should  be  arrested  when  the 
cast  iron  had  lost  from  one-half  to  two-thirds  of  its  carbon,  the 
product  would  be  an  impure  steel,  impure  because  the  silicon, 
phosphorus,  sulphur,  and  other  impurities  of  the  cast  iron  would 
only  be  incompletely  removed.  Nevertheless  there  are  uses  in 
the  arts  for  a  steel  of  this  quality  which  may  be  cheaply  manu- 
factured. 

633.  A  new  and  very  rapid  method  of  preparing  cast  steel 
directly  from  east  iron  is  that  known  as  the  Bessemer  process. 
From  two  to  six  tons  of  cast  iron,  previously  melted  in  a  suitable 
furnace,  are  poured  into  a  large  covered  crucible,  made  of  the 
most  refractory  materials,  and  swung  on  pivots  in  such  a  manner 
that  it  can  be  tipped  up  and  emptied  by  means  of  an  hydraulic 
press.  Through  numerous  apertures  in  the  bottom  of  the  cruciblo 
a  blast  of  air  ia  forced  up  into  tlie  molten  metal;  an  intense 
combustion  ensues  involving  the  carbon  in  the  iron  and  a  portion 
of  the  metal  itself,  and  generating  a  most  intense  heat,  which 
keeps  the  mass  fluid  in  spite  of  its  rapid  approach  to  the  con- 
dition of  malleable  iron.  Such  a  quantity  of  specular  iron  or 
white  cast  iron  is  then  added  to  the  iron  in  the  crucible  as  is 
necessary  to  give  carbon  enough  to  convert  the  whole  mass  into 
Bteel,  and  the  melted  steel  is  immediately  cast  info  ingots.  Six 
tons  of  cast  iron  can  thus  be  converted  into  tolerable  steel  in 
twenty  minutes.  This  steel  ia  snitable  for  the  manufacture  of 
axles,  cranks,  rails,  boiler-plates,  and  many  other  articles  in  which 
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gpeat  strength  should  he  eomhined  witJi  hardness.  A  pure  steel 
cannot  at  present  be  made  by  this  process,  inasmnch  as  the  com- 
bustion in  the  onieible  does  not  get  rid  of  the  sulphur  and  phos- 
phorus in  the  cast  iron  nearly  as  perfectly  as  does  the  puddling 
process ;  for  the  same  reason  the  manufacture  of  wrought  iron 
by  this  method,  though  the  original  object  of  the  invention,  has 
been  thus  far  found  impracticable.  It  deserves  mention  that  the 
nailer  who  keeps  his  nail  hot,  while  hammering  it,  by  a  carefully 
regulated  blast  of  cold  air,  applies  the  chemical  fact  involved  in 
Bossemer's  process.  This  andent  practice  was  indeed  a  prophecy 
of  Besaemer's  invention. 

034.  Ihe  two  qualities  of  steel  which  are  of  greatest  importance 
are  its  hardness  and  its  elasticity.  Those  qualities  are  deve- 
loped by  quickly  cooling  the  heated  metal;  the  delicate  pro- 
cesses by  which  steel  tools  and  springs  are  hardened,  tempered, 
and  annealed  are  exceedingly  curious,  hut  are  rather  physical 
than  chemical  phenomena.  Many  implements  are  sufacienfcly 
well  made  by  converting  their  exterior  surfaces  into  steel,  leaving 
the  interior  of  cast  or  wrought  iron.  Thus  cast-iron  tools  may 
be  heated  with  oxide  of  iron  to  remove  a  part  of  the  carbon  from 
their  exterior  and  thus  coat  them,  as  it  were,  with  steel.  Tires 
for  wheels  are  well  made  of  wrought-iron  bars  which  have  been 
superficially  converted  into  steel  by  the  cementation  process; 
such  tires  combine  the  toi^hness  of  malleable,  iron  with  the 
hardness  of  steel. 

635.  Oxides  of  Iron. — There  are  several  definite  compounds  of 
iron  and  oxygen.  The  best-known  of  these  oxides  are  the  pro- 
toxide (FeO),  or  ferrous  oxide,  as  it  is  often  called,  and  the  aes- 
quioxide  (FOjOJ,  often  called  ferric  oxide,  and  sometimes  spoken 
of  as  peroxide  of  iron.  There  is  another  oxide,  ferric  acid  FeOs, 
which  is  an  exceedingly  unstable  substance,  known  only  as  it 
exists  in  combination  with  potassium,  as  ferrate  of  potassium 
(KjFeOJ,  or  with  some  other  powerful  base.  Besides  these 
oxides,  there  are  several  compounds  of  intermediate  composition, 
which  may  be  supposed  to  result  from  the  union  of  ferrous  and 
ferric  oxides,  in  various  proportions;  they  are  called  coUectively 
ferroso-ferrio  oxides;   the  moat  important  among  them  is  the 
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magnetic  oxide  Fe^Oj  =  reO,FejOj,  which  is  the  black  oxide 
formed  when  iron  is  oxidized  at  high  temperatures  in  oxygen 
gas,  in  air  or  steam  (§§  9, 18,  34). 

636.  Ferrous  Oxide  or  Protoxide  of  Iron  (FeO). — This  com- 
pound is  not  easily  obtained  pure,  since  it  absorbs  oxygen  from 
the  air  with  great  avidity  and  thus  becomes  contaminated  with 
the  sesquioside.  But  by  dissolving  a  ferrous  salt  (that  is,  a  salt 
of  protoxide  of  iron)  in  recently  boUed  water,  and  adding  to  the 
liquid  a  solution  of  caustic  alkali,  which  has  Ukewise  been  boiled 
to  expel  air,  there  will  be  precipitated  a  white  ferrous  hydrate, 
provided  the  operation  be  conducted  out  of  contact  with  the  air. 
If  this  hydrate  be  exposed  to  the  air,  as  when  the  solution  of  a 
ferrous  salt  is  mixed  with  the  alkali  without  the  precautions 
above  enumerated,  it  will  rapidly  absorb  oxygen  and  will  ex- 
hibit various  shades  of  light  grocn,  bluish  green,  and  black,  till, 
finally,  it  assumes  the  red  color  of  hydrated  ferric  oxide  (Exp. 
341).  The  anhydrous  oxide  obtained  by  igniting  ferrous  oxalate 
in  dose  vessels,  absorbs  oxygen  so  rapidly  that  it  takes  fire  when 
brought  into  contact  with  the  air. 

Hydrated  ferrous  oxide  is  readily  soluble  in  acids,  forming  salla 
known  as  the  protosalts  of  iron  or  ferrous  salts  ;  many  of  these 
salts  are  of  a  pale  green  color ;  hke  the  hydrate,  they  rapidly 
suffer  decomposition  by  absorbing  oxygen  fium  moist  air, 

637.  Ferric  Oande  (Fe^O,). — This  oxide,  called  also  red  oxide, 
sesquioxide,  or  peroxide  of  iron,  occurs  very  abundantly  and 
widely  distributed  in  nature  fciverd!  of  its  varieties  have  been 
already  mentioned  as  ores  of  iron  (§  630).  It  may  be  obtained 
also  by  igniting  metallic  iron  or  either  of  the  lower  oxides  or 
hydrates  in  contact  with  the  air  Fcr  use  in  the  arts,  it  is  pre- 
pared by  igniting  ferrous  sulphate  with  oi-  without  addition  of  a 
email  pioportion  of  nitrate  of  pota^^'niim,  or  by  roasting  the  native 
hydrate  (yellow  ochre).  The  better  sort,  known  as  rouge,  is 
lai^ely  employed  for  polishing  glass  and  jewelry,  and  all  grades 
of  it  are  extensively  used  as  pigments.  Eed  ochre  is  impure 
ferric  oxide.  As  commonly  met  with,  the  oxide  is  amorphous 
and  has  a  red,  brown,  or  nearly  black  color,  according  to  the 
method  of  its  preparation.  At  a  full  white  heat,  it  gives  off  a 
portion  of  its  oxygen,  and  magnetic  oxide  of  iron  is  formed.     It 
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is  easily  reduced  to  the  metallic  stat«  by  hydrogen  gas,  eren  at 
temperatures  below  rednuss,  and  by  carbon  and  carbonic  oside  at 
a  ted  heat,  as  has  been  stated  in  §  631.  Ammonia  gas  reduces 
it  also  ai;  a  red  heat. 

Exp.  330.— In  the  middle  of  a  tube  of  hard  glass,  No  3, 10  e  m 
long,  and  provided  at  both  ends  with  corks  currying  short,  straight 
dolivery-tubes,  place  a  teaspoonful  of  red  ochre  or  ignited  iinn  u'.t 
Attach  to  one  end  of  the  tube  ft  hydrogen  generator  or  gaa  h  liJpr 
provided  with  a  ehloride-of-calciiun  drjmg  tube,  and  tonnect  %Mth 
the  other  end  a  U-tube,  Support  the  tube  ctntaii  ing  o\ide  of  iron 
upon  a  ring  of  the  iron  stand,  cause  a  curient  of  hidrogen  to  fiuw 
through  it,  immerse  the  TJ-tube  in  a  bottle  of  cold  water  md  finallv 
heat  the  oxide  of  iron.  The  hydrogen  will  combine  ^vith  the  o"(igen 
of  the  red  oside  of  iron,  water  will  he  formed  and  will  condense  m  the 
U-tiibe,  wliile  finely  divided  metallic  iron  will  be  left  behind.  After 
the  reduction  has  been  completed,  allow  the  tube  to  become  cold,  and 
then  scatter  its  contents  through  the  air  upon  an  earthen  plate.  They 
will  take  fire  and  hum  i^ain  to  the  condition  of  red  oxide. 

Erp.  331. — Eepeat  Exp.  330,  using  carbonic  oside  instead  of  hy- 
drogen, the  products  will  be  iron  and  carbonic  add  instead  of  iron 
and  water. 


ide  of  iron  gives  up  oxy- 
th  which  metallic 
fact  of  great  practical 


638.  The  facility  with  which  red  o 
gen,  taken  in  connexion  \vith  the  readin 
iron  and  the  protoxide  tahe  on  oxygen 
importance.  It  has  been  found  that  organic  substances  may  be 
more  rapidly  incinerated  by  heating  them  in  the  air  in  contact 
with  a  small  quantity  of  feme  oxide  than  in  air  alone ;  the  oxide 
of  iron  appears  to  act  as  a  carrier  of  oxygen,  as  it  is  alternately 
reduced  by  the  combustible  and  again  oxidized  by  the  air.  Even 
at  ordinary  temperatures  and  with  the  hydrated  oxide,  the  same 
t    1  w  tn       d    th      h         a  less  degree.      The  iron 

n  lis    mpl      d        th  t      t        of  ships,  bridges,  fences,  or 

hoe     ach   lly  d  t     p      or  "bum  out"  the  organic 

m  tt  t.  t  w  th  tl   m  by    bsorbing  oxygen  fi-om  the  air 

olfnf  ttth        In     mpound  with  which  they  are  in 

contact.     Th       tt    „    f  ca     as  by  ron-rust,  or  of  a  fisliing-line 
by  the  rusty  hook,  aro  familiar  instances  of  corruption  by  rust. 

These  reactions  doubtless  play  an  important  part  in  the  forma- 
tion of  soils  by  the  oxidation  of  vegetable  remains. 
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In  the  same  way  ferric  oxide  converts  sulphide  of  calcium 
(CaS)  into  sulphate  of  calcium  (CaSO^)  at  the  expense  of  the 
oxj-gen  of  the  air.  A  useful  cement  has  been  prepared  hy  mixing 
the  residual  oxysulphide  of  calcium  of  Leblanc's  soda  process  with 
an  e([ual  weight  of  the  ferric  oxido  left  as  a  residue  in  burning 
iron  pyrites  for  sulphuric  acid.  Hydrated  sesquioxide  of  iron 
(FejOj,3H^O)  may  readily  he  prepared  by  adding  an  excess  of 
ammonia-water  to  the  solution  of  almost  any  ferric  salt. 

£xp.  339. — Cover  a  teaspoouful  of  fine  iron  filings  or  small  tacka 
with  three  or  four  times  as  much  dilute  sulphuric  acid  in  a  small 
bottle ;  wait  until  tlio  evohtfion  of  hydrogen  ceases,  then  decant  the 
clear  hqnor  into  a  small  flask  or  beaker,  add  to  it  a  few  drops  of  strong 
nitric  acid,  and  heat  it  to  boiling.  The  liquor  will  soon  be  colored 
dark  brown  by  the  nitrous  fumes  resulting  from  the  decomposition  of 
the  nitric  acid,  which,  are  for  a  short  time  held  dissolved  by  the  liquid ; 
but  this  deep  coloration  soon  pasaes  away,  and  there  is  left  only  the 
yellowiah-red  color  of  the  ferric  sulphate  which  has  been  formed. 
Add  to  the  solution  ammonia- water,  nntil  the  odor  of  the  latter  per- 
sists after  agitation,  and  collect  upon  a  filter  the  llocculent  red  preci- 
pitate of  ferric  hydrate. 

Besides  this  normal  hydrate  (re^0„3H;0)  there  are  several 
other  ferric  hydrates,  containing  smullor  proportions  of  water. 
They  are  found  in  nature,  and  may  be  obtained  by  heating  the 
normal  hydrate,  or  by  suffering  it  to  remain  for  a  long  while 
under  water,  or  by  boiling  it  for  some  time  in  water. 

fi;^9.  GeneraUy  speaking,  hydrated  sesquioxide  of  iron  is  easily 
soluble  in  acids,  though  some  peculiar  varieties  of  it  dissolve  only 
with  difficulty.  The  aahydrous  oxide  also  dissolves  in  acids, 
though  less  easily  in  proportion  as  it  has  been  more  strongly  ig- 
nited ;  its  best  solvent  is  concentrated  boiling  chlorhydric  acid. 

By  long- con  tinned  heating  at  300°  or  320°,  ferric  hydrate  can 
he  deprived  of  all  its  water,  and  still  he  readily  soluhio  in  acids ; 
but  when  heated  to  dull  redness,  this  powder  suddenly  glows 
brightly  for  a  moment  and  contracts  in  bulk,  without  either 
losing  or  gaining  weight,  and  is  then  attacked  by  acids  only 
slowly  and  with  difficulty.  It  has  been  observed,  however,  that 
the  ignited  oxide  may  still  be  dissolved  rather  easily  hy  a  hot 
mixture  of  chlorhydric  acid  and  ferrous  chloride,  protochloride  of 
tin,  zinc,  or  some  other  reducing  agent,. 
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Ferric  hydrate  is  somewhat  used  as  a  mordant  in  dyeing,  aud 
is  largely  employed  for  purifying  coal-gas.  Ab  hds  ht'en  stated 
under  arsenic,  the  recently  precipitated  hydrate  dtts  ds  an  anti- 
dote to  arsenious  acid,  since  when  given  in  suffinent  quantity  it 
forms  a  hasic  arseuite  of  iron  scarcely  at  all  acted  upon  by  water. 

Erp.  333.^DiB9ol¥e  half  a  gramme  of  arsenious  a<?id  in  40  or  fiO  c.  c. 
of  boiling  water.  Divide  the  aoiution  into  two  portions,  and  stir  into 
one  of  these  portions  a  considerable  quantity  of  moist  ferric  hydrate, 
such  as  was  obtained  in  Esp.  332 ;  filter  the  mixture,  acidulate  the 
filtrate  with  chlorhydric  acid,  and  test  it  for  arsenic  by  meana  of  Bul- 
phydric  acid  (§  340). 

If  a  sufliciant  quantity  of  feme  hydrate  has  been  employed,  no  pre- 
cipitate of  sulphide  of  arsenic  will  be  obtained  in  the  filtrate,  though 
on  adding  a  drop  of  chlorhydric  acid,  and  afterwards  sulpliydric  acid, 
to  the  original  solution  of  arsenic,  an  abundant  yellow  precipitate  will 
be  at  once  thrown  down. 

Exp.  334. — Fill  a  tube,  30  cm.  long,  with  alternate  tufts  of  cotton 
and  loose  layers  of  dry  terric  hydrate,  pass  a  slow  current  of  aulpby- 
dric  acid  (Exp.  86)  through  the  tube,  and  ohserv-e  that  the  oxide 
gradually  becomes  black ;  it  appears  to  be  converted  into  ferrous  sul- 
phide, while  water  and  sulphur  are  set  free  : — 

Fef>,,^'ajd  +  SHjS  =  2Fe8  4-  S  +  eHjO. 

After  a  good  part  of  the  ferric  oxide  has  become  hlack,  remove  the 
contents  of  the  tube  to  a  porcelain  plate,  aud  leave  them  exposed  to 
the  dr  in  a  place  where  no  harm  can  be  done  in  case  they  take  fire. 
By  the  action  of  the  air,  sesqnioxide  of  iron  will  be  reproduced  and 
Bulphur  set  free  within  the  mass ;  some  sulphurous  acid  is  given  off  at 
the  same  time,  and  heat  is  evolved,  as  will  readily  be  perceiied  if  the 
quantity  of  material  be  large.  The  following  equation,  though  it  does 
not  fully  express  the  complete  reaction  which  really  occurs,  may  still 
serve  to  give  a  geneia!  idea  of  these  chemical  changes : — 
2FeS  +  60  =  Fe^Oa  +  S  +  SO,. 

In  pMctice  the  impure  illuminating  gas  is  made  to  pass  throu^'h 
layers  of  ferric  oxide,,often  made  porous  by  an  admixture  of  sawdust ; 
aa  ioon  as  the  oxide  ceases  to  absorb  sulphuretted  hydrogen,  it  is 
"revivified"  1^  forcing  or  drawing  through  it  a  current  of  fresh  tur  or 
by  spreading  it  in  the-air.  The  oxide  ie  thus  used  over  and  over  again, 
until  so  much  sulphur  has  accumulated  within  it  as  to  interfere,  me- 
chanically, with  its  absorbent  power.  The  sdphur  may  readily  be 
recovered  from  this  mixture  by  distillation ;  or  the  spent  oxide  may  be 
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used  instead  nf  pyrites  for  making'  sulphuric  aeid  wherever  enough  of 
it  pan  be  obtainpd  to  repa>  the  trouble  of  coll-'cting 

The  f'erni  'lalts  are  aaually  of  a  yelli) wish-brown  or  red  uAoT 
when  hydrated,  though  some  of  them  have  a  violet  tmge  they 
are  white  when  dry  The  noimil  salti  are  ii'^ually  soluble  in 
water  and  deliq^ueacent  and  there  ire  nnmerous  soluble  baaio 
salts,  besidts  other  basic  salts  which  are  insoluble 

In  the  feme  salts  iron  plai  s  the  part  of  a  tnvalent  element 
like  alnmmnnij  while  m  the  ferrous  salts  it  is  bnalent  like  cal- 
cium or  lead  The  feme  silts  closely  resemble  salts  ot  aluminum, 
and  are  for  the  moat  part  isomorphous  with  them.  Besides  act- 
ing as  a  base,  ferric  oxide,  like  oxide  of  aluminum,  combines 
with  several  of  the  more  powerful  bases  to  form  salts  called 
ferritca ;  magnetic  oxide  of  iron,  for  example,  may  be  regarded 
as  the  ferritc  of  iron. 

It  is  remarkable  that  ferric  oxide  may  he  displaced  from  many 
of  its  compounds  by  the  protoxide  of  iron ;  thus,  when  hydrated 
ferrous  oxide  is  added  to  a  solution  of  ferric  sulphate,  hydrated 
sesquioxide  is  precipitated: — 
re,03,3S03  +  3(Fe'0,H,0)  =  Fe,0„3H,0  +  8(FeO,SO,). 

In  like  manner,  carbonate  of  barium  precipitates  anhydrous 
ferric  oxide  from  ferric  salts,  but  upon  ferrous  salts  it  has  no 
action ; — 

Fe^Cl,   +  3BaC0,  =  Fe^O,  +  3BaCl,  +   3C0,. 

Sulphides  of  Iron. — There  are  several  sulphides  of  iron,  the 
most  important  of  which  are  the  protoaulphide  (FeS)  and  the 
bisulphide  (FeS^),  found  native  as  iron  pyrites.  There  is  a 
sulphide,  Fe^S,,  which  is  magnetic  like  the  oxide  to  which  it 


640.  I'errous  Sulphide  (FeS)  is  a  substance  of  great  value  to 
the  chemist  as  the  cheapest  source  of  the  importajifc  reagent 
Bulphydrie  acid  (§§  202,  210). 

This  sulpliide  may  be  prepared  by  igniting  pyrites  in  a  covered 
crucible,  by  rubbing  roll  brimstone  against  a  white-hot  imu  bar,  or  by 
fiiaing  together  sulphur  and  iron  turnings.  The  second  method  is  to 
be  recommended  if  the  student  have  ready  access  to  a  blacksmith's 
forge.    The  snlpWde  is  a  waste  product  in  those  chemical  worlcs  where 
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sulphate  of  lead,  obtained  from  dye-houses,  is  reduced  to  the  inctaJlio 
state  by  fusion  with  iron  and  coal.  In  the  laboratory  it  may  be  pre- 
pared as  follows : — ■ 

£xp.  335. — Heat  a  common  Hessian  crucible  to  redness  in  a  iire  ot 
fioke  or  authracite,  and  project  into  it  from  an  iron  spoon  suceefisivB 
small  portions  of  a  mixture  of  7  parts  of  iron  turnings  and  4  pai'ts  of 
powdered  sulphur,  replacing  the  cover  of  the  crucible  after  each  addi- 
tion of  the  mixture.  The  sulphur  and  iron  combine  with  great  energy, 
and  the  sulphide  formed  melts  down  to  the  liquid  state.  Since  the 
molten  sulphide  is  capable  of  dissolving  both  iron  and  sulphur,  accord- 
ing aa  the  one  or  the  other  may  be  present  in  excess,  it  is  impossible  to 
prepare  a  pure  protoaulphide  by  this  method.  But  the  product  ob- 
tained aa  above  described,  though  of  variable  composition,  answers 
perfectly  well  for  all  ordinary  pui'poses.  "When  the  crucible  has  be- 
come half-full  of  the  molten  sulphide,  remove  it  from  the  Are,  pour 
out  its  contents  upon  a  brick  floor,  and,  if  more  of  the  sulphide  be 
desired,  replace  the  crucible  in  the  fire  and  proceed  as  before. 

Where  comparatively  large  quantities  of  the  sulphide  are  required, 
it  is  well  to  bore  a  hole  through  the  bottom  of  a  plumbago  crucible 
and  set  the  latter  upon  the  grate-bars  of  the  furnace  in  such  manner 
that  the  hole  may  remain  open:  fill  the  crucible  with  iron  tuminga: 
heat  it  to  redness  and  throw  in  lumps  of  sulphur  upon  the  hot  iron. 
As  fast  as  sulphide  of  iron  fomis  it  will  melt  and  How  through  the 
hole  in  the  crucible  into  the  ashpit  below,  which  should  be  kept  clean 
to  receive  it.  In  the  preparation  of  sulphide  of  iron,  wrought  iron 
should  always  be  employed.  From  the  filings  of  east  iron,  but  little, 
if  any,  of  the  fusible  sulphide  can  be  prepared. 

The  foregoing  experiment  illustrates  the  practical  methods  of  making 
ferrous  sulphide;  but  several  other  reactions  which  produce  it  are  of 
scientific  interest  (compare  Exp.  85). 

ILi-p.  336. — Arrange  a  bottle  for  generating  sulphuretted  hydrogen, 
aa  in  Exp.  8G,  but  in  place  of  the  delivery-tube  in  Fig.  41  attach  to 
the  bottle  a  jet  for  burning  the  gas.  After  the  air  has  been  com- 
pletely expelled  from  the  bottle,  light  the  sulphydric  acid  gas  at  the 
jet,  and  hold  in  its  flame  a  piece  of  fine  iron  wire ;  the  iron  will  bum 
to  ferrous  sulphide,  and  if  the  wire  be  held  in  the  axis  of  the  flame,  so 
that  a  considerable  portion  of  it  shall  be  kept  red-hot,  the  globule  of 
feulphide  of  iron  formed  will  melt  and  flow  backward  upon  tlie  wire  aa 
East  as  the  end  of  the  latter  is  consumed. 

Exp.  337,— Mix  20  gnus,  of  fine  iron  filings,  14  grms.  of  flowers  of 
sulphnr,  and  7  grma.  of  water  in  a  small  bottle,  and  heat  the  mixture 
gently  upon  a  sand  bath,  or  set  it  aside  in  a  warm  place.    Chemical 


sd  by  Google 


549 

action  will  soon  set  in,  much  heat  will  lie  evolTed,  and  in  the  course 
of  half  an  hour  the  miiture  will  become  blaek  from  formation  of  sul- 
phide of  iron.  If  the  porous  black  sulphide  he  left  exposed  to  the  air, 
it  will  absorb  osygen,  and  will  be  partially  coayerted  into  terrous 
Bulphaffl, 

A  hrm  pacWng  or  lut«  for  the  joints  of  iron  Tessels  is  prepared  by 
mixing  together  60  parts  of  fine  iron  filings,  1  part  of  flowers  of  sul- 
phur, and  2  parts  of  powdered  chloride  of  ammonium.  The  mixtdre 
is  made  into  a  stiff  paste  with  water,  and  immediately  applied  to  the 
iron.  It  soon  becomes  hot  and  swells  up,  and  sets  to  a  hard  compact 
mass,  while  ammonia  and  sulphuretted  hydrogen  are  disengaged- 

Exp.  338. — Dissolve  a  Email  crystal  of  ferrous  sulphate  (copperas) 
in  water,  and  add  fo  the  liquid  a  drop  or  two  of  sulphydrate  of  ammo- 
nium (§  526).  Black  sulphide  of  iron  will  be  thrown  down  (compare 
Exp.  334). 

The  finely  divided  ferrous  sulphide  obtained  in  the  wet  way,  as  in 
the  last  two  experiments,  dissolves  much  more  q^uiekly  in  acids  than 
the  compact  sulphide  obtained  by  the  way  of  fasion;  in  contact  with 
acids  it  evolves  gas  so  tumultuously  that  it  would  be  inconvenient  as 
a  source  of  aulphydrie  acid. 

The  black  earth  between  the  stones  of  the  pavements  of  cities,  and 
at  the  bottoms  of  drains  and  cesspools,  owes  its  color  f  o  sulphide  of 
iron  formed  by  the  putrefaction  of  sulphuretted  compounds  in  contact 
with  fenic  oxide  contained  in  the  earth. 

641.  Bisulphide  of  Iron  (FeSJ  oooura  abundantly  in  nature 
as  the  well-known  mineral  iron  pyrites.  Two  distinct  forms  of 
it  are  met  with ; — the  yellow  cubical  pyrites,  crystallized  in  forms 
of  the  mojiometric  eystem  ;  and  the  white  pyrites  or  marcasite, 
which  crystallizes  in  trimetrie  forms.  A  third  variety  of  sulphide 
of  iron,  called  magnetic  pyrites,  is  of  different  composition  from 
the  foregoing,  and  contains  less  sulphur  than  the  bisulphide. 
Iron  pyrites  appears  to  have  been  sometimes  formed  in  nature  by 
the  deoxidation  of  sulphates,  such  as  the  sulphate  of  calcium,  by 
means  of  organic  matter  in  preseace  of  chalybeate  waters.  The 
formation  of  pyrites  has  often  been  noticed  in  solutions  of  sul- 
phate of  iron  into  which  organic  matters  have  fallea.  But  bisul- 
phide of  iron  may  be  readily  formed  in  the  dry  way  also. 

The  compact  forms  of  j'cllow  pyrites,  whether  natural  or  arti- 
ficial, are  permanent  in  the  air ;  but  when  finely  divided  the 
mineral  oxidizes  rather  easily,  with  evolutiou  of  considerable  he&t, 


sd  by  Google 


550 

Wiito  iron  pyrites  oxidizes  rapidly  in  the  air,  no  matter  whether 
it  be  compact  or  Mahle.  The  spontaneous  combustion  of  many 
kinds  of  coal  is  due  to  tbe  oxidation  of  iron  pyrites  diaseminated 
through  the  combustible.  Alum  and  copperas  are  often  prepared 
fiom  pyiituns  thales,  either  hy  firing  heaps  of  tie  shale  artifici- 
ally, or  by  allowing  the  heaps  to  take  fire  spontaneously  through 
oxidation  of  the  pj  rites,  and  thea  regulating  the  combustion  bo 
that  theliigeat  practicable  yield  of  sulphate  of  iron  or  of  sulphate 
of  aluminum  sball  be  obtained.  So  long  as  the  temperature  of 
the  burning  pyntes  remains  comparatively  low,  ferrous  sulphate 
and  sulphuno  acid  are  the  prinoipiil  products,  the  latter  uniting 
■with  the  alumina  of  the  shale,  if  such  be  present ;  when  the  heap 
has  become  told,  the  sulphates  can  be  separated  by  lixiviating 
the  mass  with  water  When  pyrites  is  roasted  at  higher  tem- 
peratures, as  in  the  manufacture  of  salphurio  acid,  sulphurous 
acid  IS  given  off,  and  ferric  oxide  loft  as  the  principal  residue. 

When  distilled  m  close  vessels,  one  atom  of  the  sulphur  in 
iron  pvntes  is  exptlled,  and  ferrous  sulphide  remains.  Sulphur 
has  sometimes  been  prepared  in  this  way  in  a,  dearth  of  native 

642.  Ferro-as  C'Jihride  (FeCl^)  may  he  obtained  by  passing 
chlorine  or  dry  chlorhydrie  acid  gas  over  hot  iron;  in  case  chlor- 
hydricacid  be  employed, hydt  ogen  will  beerohed  Ah  trmmonly 
met  with,  however,  the  chloride  is  in  the  form  of  i  hjdiate 
(FeClj+iHjO)  obtained  by  dissolviui;  metallic  iron  in  dilute 
chlorhydrie  acid  It  crystallizes  easily,  toims  doublo  sa'ts  by 
uniting  with  miuy  other  c)ilondeB,  and  may  be  depiivcd  ot  its 
water  without  decomposition  when  heated  e  irefully  out  of  con- 
tact with  the  oir 

643.  Ferrie  Chloride  (FeJH^) — As  obtained  hy  burning  me- 
tallic iron  in  an  excess  of  diT  chlonne,  this  compound  occurs  m 
anhydrous,  ghhiening  scaler,  \vhich  volitibze  easilj  when  heated. 
It  dissolves  readily  m  water,  with  evolution  of  heat,  and  deli- 
quesces rapidly  m  the  air  It  hnses  when  thiown  into  witcr. 
Once  dissolved  m  water,  it  cannot  be  freed  from  the  water  by 
evaporation,  since  chlorhydrie  acid  goes  off  with  the  water,  and  a 
basic  compound  of  ferric  oxide  and  ferric  chloride  remains.  Hy- 
drated  ferric  chloride  may  readily  be  obtained  by  boiling  a  solu' 
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tion  of  ferrous  chloride  witli  a  small  propoition  of  nitric  acid,  or 
by  passing  chlorine  gas  through  a  sciliition  of  ferrous  chloride. 
From  eoneetitiated  aidutions,  temc  ohbnde  crystalliKos  with 
BCTcral  different  proportions  of  water.  Ferric  chloride  combiiiea 
with  many  of  the  metallic  chlondei  to  form  double  compoands, 
among  which  the  jmnionium  salts  are  peihaps  the  mflst  stable. 

644.  Ferrous  SvJphafe  (FeSO,)  —A  hjdrate  of  this  compound, 
of  composition  FeSO^+THjO,  usually  called  copperas  or  grem 
vitriol,  is  the  most  common  of  all  the  compounds  of  iron.  It  may 
readily  be  prepared  by  dissolving  metallic  iron  or  protosniphide 
of  iron  in  dilute  sulphuric  acid.  On  the  large  scale  it  is  commonly- 
prepared  by  roasting  iron  pyrites  at  a.  gentle  heat,  or  aluminous 
shales  containing  pyrites  in  the  manner  already  indicated.  Some- 
times, however,  it  is  manufactured  directly  &om  metallic  iron 
and  sulphuric  acid ;  and  it  is  obtained  as  a  secondary  product  in 
certain  metailurgicid  operations  where  copper  is  precipitated,  by 
means  of  iron,  from  a  solution  of  copper.  The  reaction  is  analo- 
gous to  those  employed  for  obtaining  pure  silver  (Exp.  267)  and 
pure  lead  (§  594). 

Exp.  S39.--IlissoIve  5  grma.  of  common  blue  vitriol  (sulphate  of 
copper)  in  50  or  60  c.  c.  of  water,  acidulate  tlie  liquor  with  a  few  drops 
of  sulphuric  acid,  pour  it  into  a  bottle,  and  place  in  it  a  rod  of  thick 
iron  wire.  Copper  will  immediately  begin  to  be  precipitated  as  a. 
coating  upon  tlie  iron,  and  in  the  course  of  an  hour  or  two  will  be 
completely  removed  from  the  solution.  The  original  blue  color  of  the 
solution  will  disappear  and  be  replaced  by  tlie  faint  green  color  of 
copperas,  while  a  spongy  mass  of  metallic  copper  will  be  obtained : — 
OuSO^  +  Fe  =  FeSO,  +  Cu. 
Decant  the  solation  of  ferrous  sulphate  from  the  precipitated  copper, 
place  in  it  a  fragment  of  iron,  and  evaporate  it  to  a  small  bulk ;  poui 
the  concentrated  solution  into  a  wide-mouthed  phial,  cork  the'  phial 
tightly,  and  set  it  aside  in  a  cool  place ;  the  liquid  wiU  be  converted 
into  a  mass  of  copperas  crystals. 

It  has  been  proposed  to  prepare  copperas  from  the  "  finery 
slag  "  of  the  puddling-fumaces  (where  cast  iron  is  converted  into 
wrought  iron)  by  treating  this  slag  with  dilute  sulphuric  acid. 
The  finery  slag  consists  chiefly  of  basic  silicate  of  protoxide  oi 
iron  (2FeO,SiO,). 

645.  "When  perfectly  pure,  the  crystals  of  ferrous  sulphate  arc 
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compact,  transparent,  and  of  a  bluisli-green  color ;  bnt  in  dry  ait 
ttey  effloresc      nd  b  d  w  th  a  white  incrustation,  the 

color  of  whicl  L  q  tl  h  n  t  rusty  brown  through  ab- 
sorption of  o  jg  n  Th  mm  ommercial  article  is  of  a 
grass-green  c  1  nd  a  nta  u  t^d  with  more  or  less  ferric 
sulphate.  B  d  th  mm  hjd  te  containing  7  molecules 
of  water,  ther  1  3  dr  t      wl     h         tain  4,  3,  and  2  molecules 

of  water  respectively.  From  all  of  these  hydrates  the  water  can 
easily  be  expelled  by  heat,  and  if  the  anhydrous  salt  thus  obtained 
bo  still  further  heated  it  will  decompose  ;  two  stages  in  this  de- 
composition may  be  formulated  as  follows: — 

I.  2FeS0^  =  SO,  +  Te^O^.SO,. 
II.  Fe,0,,SO,  =  Fe,0,  +  SO,. 
Basic  ferric  sulphate  is  at  first  formed,  while  sulphurous  acid  ia 
given  off;  and  fiually  the  ferric  salt  is  itself  decomposed  into  an- 
hydrous sulphuric  acid  and  ferric  oxide.  Upon  this  reaction  the 
preparation  of  Nordliausen  suljihuric  acid  depends  (§  239).  Like 
ferrous  hydrate,  ferrous  chloride,  and  all  the  ferrous  salts,  moist 
copperas,  or  an  aqueous  solution  of  copperas,  rapidly  absorbs  oxy- 
gen from  the  air. 

Exp.  340. — Pour  a  solution  of  copperas  into  an  open  capsule  and 
leave  it  exposed  to  the  air  for  a  day  or  two ;  the  solution  will  gradually 
become  yellow  as  the  oxidation  proceeds,  and  after  a  while  a  rusty 
precipitate  of  ferric  oxide,  or  of  highly  basic  ferric  sulphate,  will  fall. 
The  oxide  of  iron  whichaeparates  under  these  conditions  is  not  readily 
soluble  in  dilute  acids.  It  appears  to  be  an  isomeric  modification  of 
the  easily  soluble  lijdrate  whicb  is  precipitated  from  cold  ferric  solu- 
tions by  alkaline  lyes.  At  all  events  the  sidphario  acid  oftbe  cop- 
peras ia  insufficient  to  dissolve  all  of  the  ferric  oxide  formed  during  its 
oxidation.  In  most  cases  where  a  ferrous  salt  is  to  be  converted  into 
a  ferric  s:ilt,  it  is  best  to  add  a  certain  proportion  of  free  acid  to  the 
mixture,  in  order  to  prevent  the  separation  of  the  oxide. 

A  difficultly  soluble  deposit,  similar  to  the  foregoing,  may  readily  bo 
obtained  by  boiling  an  exceedingly  dilute  sohition  of  almost  any  of  the 
soluble  ferric  salts.  It  is  possible  that  these  sediments  shoidd  be  re- 
garded rather  as  highly  basic  salts  than  as  mere  hydmtes.  Their 
inertness  may  perhaps  be  due  to  the  presence  of  small  proportions  of 
the  acids  of  the  salts  from  which  they  have  been  derived,  still  held  in 
chemical  combination ;  but  there  is  at  present  less  evidence  in  favor  ol 
this  view  than  of  lie  one  previously  slated. 
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JSip.  341.— To  a  teaspoonful  of  a  eoliition  of  coppetaa  add  a  few  drops 
of  soda  lye,  and  observe  that  tlie  hydrate  rapidly  absorbs  oxyg^en,  and 
changes  color  as  haa  been  set  forth  in  j  636. 

Sxp.  342.— -Mix  a  few  dropsof  a  solution  of  copperas  with  a  drop  or 
two  of  a  solution  of  tannic  acid,  such  for  example  as  tincture  of  nut- 
galls,  or  of  oak-  or  hemlock-bark ;  a  light  "violet-colored  precipitate 
will  be  formed  and  will  remain  suspended  in  the  liquid;  by  espoaure 
to  the  fur  this  color  soon  changes  to  black.  The  violet  precipitat»  ia 
ferrous  tannate,  and  the  black  precipitate  ferric  tannate ;  if  these  finely 
divided  precipitates  were  produced  in  liquids  made  slightly  viscous  hy 
the  addition  of  gum  or  sugar,  they  would  remain  suspended  in  the 
liquor,  which  could  then  be  used  as  writing-ink. 

Ink  may  be  prepared  as  follows : — Powder  separately  12  grms.  of 
nutgalls,  5  grms.  of  copperas,  and  5  grms.  of  gum-arabic.  Boil  the 
nuf  galls  two  or  three  hours  in  a  ilask  with  75  c.  c.  of  water,  taking 
care  to  add  hot  water,  by  small  porlions,  to  supply  that  lost  by  evapo- 
ration. AUow  the  mixture  to  settle,  and  decant  the  clear  liquor  into  a 
clean  bottle.  Dissolve  the  gum-arabic  in  a  small  quantity  of  water, 
and  mix  the  mucilage  thoroughly  with  the  solution  of  nutgalls.  Dis- 
solve the  copperas  in  another  portion  of  water,  and  incorporate  this  so- 
lution with  tie  mixture  of  uutgalls  and  gum.  Add  enough  wafer  to 
make  the  volume  of  lie  mixture  equal  to  100  c.  o.  Preserve  the  ink 
in  a  tight  bottle.  If  the  color  of  the  product  be  lighter  than  is  de- 
sired, the  liquid  may  be  left  exposed  to  the  air  until  it  has  acquired  a 
deeper  tint.  When  first  applied  to  paper,  the  color  of  fresh  ink  ia 
comparatively  pale,  but  the  writing  darkens  gradually  in  proportion  as 
it  absorbs  oxygen. 

In  the  course  of  the  foregoing  experiments,  dip  a  small  piece  of  cot- 
ton cloth  in  the  solution  of  nutgalls,  and  allow  it  to  become  dry ;  then 
dip  it  in  the  solution  of  copperas  and  hang  it  up  in  damp  air.  Black, 
insoluble  tannate  of  iron  will  be  so  firmly  precipitated  in  and  upon  the 
fibres  of  the  cloth,  that  it  cannot  be  washed  away. 

The  experiment  illustrates  one  general  method  of  dyeing,  by  means 
of  which  blacks  and  grays  of  various  shades  may  be  applied  to  cloth  ox 
leather,  though  in  practice  other  astringent  dye-stuft's,  such  as  catechu, 
cutch,  or  gambier,aie  commonly  employed  in  place  of  nufgalls. 

Ferrous  sulphate  is  largely  employed  in  dyeing,  aometimtis  directly, 
as  in  the  foregoing  experiment,  but  often  as  the  source  of  other  com- 
pounds of  iron  which  are  employed  as  mordants;  ferrous  acetate,  for 
example,  obtained  by  decomposing  ferrous  sulphate  with  acetate  of 
calcium,  is  a  compound  much  used  by  dyers.  It  should  be  remarked^ 
however,  that  acetate  of  iron  is  sometimes  made  directly  by  dissolvinf 
scraps  of  ii'On  in  vinegar  or  pyroligneous  acid  (5  380J. 
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646  Ferric  SulpMie  (Fe^SSO,)  is  interesting  chiefly  from  its 
analuKj-  wit!  sulphati  of  alum  num  Like  snlphat  of  ilummum 
it  cuiibine^  Mth  the  sulphates  ut  the  alliji  metals  to  form  wcU 
d  fined  aluns  (Comptre  §  62o)  Tu,ina  silihate  occurs  as  a 
waite  predict  m  the  mother  liquors  trom  which  copperas  and 
alum  have  crystalbz  d  Bv  d  >  ng  these  hciioH  and  igmt  ng 
them  red  cl  re  of  excellent  quality  can  be  obtained  in  a  or- 
danco  with  the  second  reaction  of  §  04-3  F  ming sulphurii'  cid 
13  commoily  manufictured  nowadiys  by  diatilhiig  pure  ternc 
•sulphite  m  t  ad  of  copperas  ^s  torraerly  tt  Nordhiusen  Th 
femi.  salt  is  jhtau  ed  by  dissolving  fern  oxide  in  weak 
sulphuiic  ac  d  and  evapoiatiig  the  olntion  to  dtyness  the 
re'iidue  of  feme  oside  left  after  the  i^mtion  of  the  s  ilphate  la 
thus  reconverted  into  fernc  sulphate  and  the  &ii][  h-jte  is  u?ed 
01  er  and  over  igain  as  often  as  it  is  iecomposed 

647  ler  ovs  Ififr  d  (FcN"  0.  +  GH^O)  is  i  compound  of  con 
siderable  scientific  interest,  which  may  readily  bo  procured  by 
dissolving  ferrous  sulphide  in  cold  dilute  nitiic  acid,  or  by  de- 
composing a  solution  of  copperas  with  an  equivalent  quantity  of 
nitrate  of  baiiuia.  It  may  also  be  obtained,  mixed  with  nitrate 
of  ammonium,  by  dissolving  iron  in  cold  dilute  niti-ic  aeid.  The 
metal  dissolves  without  evolution  of  gas,  in  a  manner  which  may 
be  thus  formulated : — 

4Fe  +   lOHNO,  =  4FeN,0,   +  (NHJNO,  +  SH^. 

The  aqueoaa  solution  of  ferrous  nitrate  decomposes  readily  when 
heated,  and  in  warm  weather  changes  spontaneously  to  a  ferric 
compound. 

648,  Ferric  Nitrate  (Fe^SN^Oj)  may  be  obtained  in  hydrated 
crystals  containing  18  molecules  of  water,  by  dissolving  metallic 
iron  in  nitric  aeid,  of  1-29  specific  gravity,  till  the  liquor  has 
taken  up  about  10  per  cent,  of  the  metal,  and  then  adding  an 
equal  volume  of  nitric  acid  of  specific  gravity  1-43.  The  solution 
will  deposit,  on  cooling,  rhombic  prisms  of  ferric  nitrate,  which 
arc  sometimes  colorless,  hut  often  of  a  faint  laveuder-blue  color. 
They  are  slightly  deliquescent,  and  very  soluble  in  water,  hut  are 
only  slightly  soluble  in  cold  nitrio  acid.  By  adding  nitric  acid  to 
a  syrupy  solution  of  ferric  nitrate,  there  may  be  obtained  another 
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hydrate,  containing  only  12  molecules  of  Trater,  oryatallized  in 
cubes  or  square  prisms.  By  mixing  a  solution  of  feme  nitrate,  or, 
for  that  matter,  almost  any  other  of  the  normal  ferrio  aalta,  -with 
recently  precipitated  ferric  hydrate,  or  by  partially  abstracting 
the  acid  of  the  salt  by  means  of  an  alkali,  deep-red  solutions  of 
various  basic  compounds  may  readily  be  obtained.  A  basicferric 
nitrate  is  employed  in  dyeing,  under  the  name  iron  mordant. 

649.  Silieatea  of  Iron. — Several  native  silicates  of  iron  are 
known ;  but  none  of  thom  are  of  special  interest.  The  green 
tinge  of  ordinary  glass  ia  due  to  the  presence  of  a  ferrous  silicate, 
and  by  increasing  the  proportion  of  the  ferrous  salt,  a  deep  bottle- 
green  colour  may  be  imparted  to  glass.  Ferric  silicate,  on  the 
other  hand,  has  comparatively  little  coloring-power,  though  when 
a  considerable  quantity  of  it  is  present  it  imparls  a  yellow  color 
to  glass.  It  is  sometimes  used  for  coloring  porcelain.  To  de- 
stroy tbo  green  color  of  the  ferrous  silicate,  hinoxide  of  man- 
ganese, or  some  other  oxidizing  agent,  is  often  added  to  glass  in 
tho  process  of  manufacture  j  the  ferrons  silicate  is  thus  converted, 
for  the  most  part,  into  ferric  sihcate,  and  a  nearly  colorless  glass 
produced. 

650.  Cyanides  of  Iron.— There  is  a.  ferrous  cyanide  {Fe(CN)j), 
known  as  a  yellowLsh-red  precipitate,  which  takes  up  oxygen 
and  becomes  blue  when  exposed  to  the  airj  and  a  ferric  cyanide 
(Fe,(CN)j)  has  been  obtained  in  solution.  But  by  far  the  best- 
known  of  the  cyanides  of  iron  are  certain  double  compounds, 
which  constitute  the  peculiar  pigments  known  collectively  as 
Prussian  blue.  Common  Prussian  blue,  for  example  (Pe,Cj,T^^jg+ 
ISHjO),  may  be  regarded  ae  a  double  compound  of  ferrous  and 
ferric  cyanides,  3Po(CN),,  2{Fe,(CS),)  -|-18H,0  ;  it  may  he  pre- 
pared as  follows : — 

Exp.  343. — Add  to  an  exceedingly  dilute  solution  of  almost  any 
ferric  salt,  such,  for  example,  as  the  ferric  sulphate  of  Exp,  SS2,  a 
drop  of  ferrocyanide  of  potassium  (§  609).  Abeautiful  blue  precipitate 
will  form,  and  will  remain  suspended  in  the  liquor  for  a  long  while. 
Another  variety  of  Prussian  blue,  known  as  Tumbull's  blue,  may  be 
obtained  by  mixing  a  solution  of  red  prussiate  of  potash,  known  to 
chemists  as  fenicj'anide  of  potassium,  with  a  solution  of  copperas  or 
other  ferrous  suit 

Since  the  yellow  prussiate  of  potash  wiO  give  no  blue  coloration 
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with  ferrous  enlts,  and  since  the  red  prussiate  yields  no  Hue  Nvith 
ferric  salts,  it  is  eridcnt  that  the  two  solutions  may  be  used  as 
t«sts  by  which  to  detect  the  presence  of  ferrous  and  ferric  salts, 
respectively,  in  any  solution. 

Exjj.  344.— Soak  a  piece  of  cotton  cloth  in  a  solution  of  ferric  sul- 
phate (Exp.  333J,  and  then  immerse  it  in  an  aciJulateii  solution  of 
yellow  prusaiate  of  potash.  Prussian  blue  will  be  precipitated  upon 
the  doth  and  will  remain  firmly  attached  to  it.  Prussian  blue  is 
largely  employed  in  dyeing  and  calico-printing  ia  a  variety  of  ways. 

Now  that  we  have  discovered  a  ready  means  of  detecting 
ferrous  and  ferric  salts,  it  will  be  well  to  determine  experimentally 
how  easily  the  members  of  either  of  these  classes  may  be  changed 
to  salts  of  the  other  class. 

£xp.  345.— Dissolve  4  or  6  grms.  of  iron  tacks  or  wire  in  dilute 
cblorhydric  acid  in  a  test-tube,  pouring  off  the  liquid  from  time  to 
time  as  it  becomes  nearly  saturated.  Teat  a  few  drops  of  the  solution 
firat  with  ferro-  and  then  with  ferricyanide  of  potassium,  in  order  to 
prove  that  it  is  pure  ferrous  chloride.  Boil  the  rest  of  the  liquid  with 
a  few  drops  of  nitric  acid  to  convert  it  to  ferric  chloride,  and  determine 
when  the  conversion  has  been  completed  by  testing  as  before.  Finally, 
di^-ide  the  feriic  solution  into  three  portions.  Through  the  first  portion 
pass  sulphjdric  acid  gas ;  sulphur  will  be  deposited  and  ferrous  chloride 
formed, 

Fe,ai,  +  HjS   =  2reCl,  -1-  2HC1  ^-  Sj 
to  the  second  portion  add  araall  fragments  of  prot^chloride  of  IJn,  nntil 
a  drop  of  the  mixture,  tested  with  the  ferrocyanide,  will  no  longer  give 
a  blue  coloration, 

Fe,Cl,  +  SnOl,  =  2FeCl,  -|-  SnCl.i 
boil  the  third  portion  with  a  fragment  of  metallic  zmc,  and  determine 
the  &ct  of  reduction  as  before, 

FejCle  +  Zn  =  2FeClj  -I-  ZnCl,. 
By  leaving  either  of  these  reduced  solutions  in  the  air,  or  by  healing 
them  with  a  little  chlorate  or  nitrate  of  potflfsium,  nitric  add,  or 
other  oxidizing  agent,  they  may  be  readily  converted  again  to  the 
condition  of  ferric  salts. 

COBALT  AHTl  NICKEL. 

651,  Cobalt  and  nickel  are  two  metals  remarkably  Kimilar 
to  one  another  both  in  physical  and  chemical  properties.  They 
are  found  together  in  nature  in  the  same  ores,  in  combination 
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With  '.nli-liiir  and  arBcnif  ii  d  are  hoti  ingredients  of  meteono 
iron  J  Liy  can  be  reduced  fum  then  oxides  h^  chiicoal  and 
by  hjdrogen  at  high  temperalures  and  the  mttals  thus  obtained 
can  he  melted  abDut  as  reidil^  as  pure  iion  lioth  cobalt  and 
nictel  rcsLmble  iron  more  closely  thin  anj  jther  c  n  men  mttil 
they  are  Tery  tenacious  hard  (nd  rifiactir>  like  iron  th  y  are 
magnetic,  and  when  hot  thty  may  he  forged,  they  mst  less 
readily  than  i(on,  but  rtbemble  it  clo&ely  in  most  of  their 
chemical  properties  Ihe  atomic  weights  of  cobalt  and  of  nickel 
are  identical  the  same  numbLr  (5b  8)  apphes  to  both  Tlie 
Bpecific  gravities  of  tht  two  metals  also  are  equal  or  nearly  bo, 
Tarjing  m  different  samples  from  8  2  to  8  9  Cobalt  ii  noi  uaed 
in  the  met  ilhc  state  but  several  of  iis  compounds  are  remaikiiblo 
for  the  beauty  of  their  color,  and  find  important  applications  in 
the  arts  as  pigments,  especially  for  coloring  glass  and  porcelain. 
A  bine  glass  containing  silicate  of  cobalt,  obtained  by  fusing 
oxide  of  cobalt  with  ordinary  glass,  is  largely  employed,  under 
the  name  of  smalt,  as  a  vitrifiable  pigment.  This  coloration  may 
readily  bo  exhibited  by  adding  a  minute  particle  of  any  cobalt 
compound  to  a  borax  bead  (§  490)  upon  a  loop  of  platinum  wire, 
and  again  placing  the  bead  either  in  the  oxidixing  or  in  the 
reducing  flame  of  the  blowpipe.  Nickel,  on  the  other  hand,  is 
used  in  the  metallic  state  as  an  ingredient  of  various  alloys,  of 
■which  the  alloy  known  as  German  silver,  composed  of  copper, 
zinc,  and  nickel,  is  one  of  the  most  important.  A  whitish  alloy, 
obtained  by  adding  nickel  to  copper,  is  sometimes  employed  for 
coin  of  low  denominations. 

652.  lioth  cobalt  and  nickel  form  protoxides  (CoO  and  NiO), 
protochlorides,  and  protoxide  salts,  like  those  of  iron,  except  that 
the  protoBalts  of  cobalt  and  nickel  are  far  more  stable  than  the 
salts  of  protoxide  of  iron  ;  so  that  the  protoxides  of  cobalt  and 
nickel  must  he  regarded  as  the  principal  oxides  of  these  metals. 
Like  iron,  chromium,  and  the  other  metals  of  the  family  now 
under  discussion,  cobalt  and  nickel  also  unite  with  oxygon  to 
form  sesquioxides  (Cofi^  and  Ni^O^),  and  these  sesquioxides,  or 
at  least  the  sesquioxide  of  cobalt,  combine  with  bases  to  form 
salts;  but  these  salts  and  the  sesquioxides  themselves  are  com- 
paratively unstable  bodies ;  they  are  far  more  easily  decomposed 
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than  eompounds  of  the  protoxides  of  eohalt  tind  mctel,  or  thau 
compounds  ot  the  sesquioxides  of  the  other  metak  uf  the  group. 
Hence,  in  the  mitter  of  nomenclature,  tho  salt'*  of  the  protoxides 
of  cobalt  or  nickel  take  precedence  of  the  'ialts  ot  the  sesquiosides. 
When,  for  example,  nitrate  of  lobalt  is  -spoken  of,  nitrate  of 
protoxide  ot  cobalt  is  the  substanco  refened  to ,  whereas  when 
nitratfi  of  iron  or  of  i.hromiutn  is  mentioned,  without  further 
spccifleation,  wi  must  inter  thit  the  nitr-ite  of  the  feesquioxide 
is  the  suhstantL  meant  The  mo  ot  terma  m  the  loose  manner 
referred  to  in  the  foregoing  eiamples  w  of  course  always  to  be 
deprecated  but,  in  ndei  to  a^oid  the  r hance  of  being  misun- 
derstood, some  chemists  h  m  extended  to  all  metals  having  two 
saliflable  oxides  the  use  of  the  termination"  oiis  and  ie,  which 
has  been  exemplifled  under  iron  by  the  terms  ferrous  and  ferric 
oxides.  Thus  the  terms  cobaltous  and  cobaltic,  oxides,  and 
nickelons  and  mckelio  oxides  have  been  applied  by  some  writers 
to  the  oxides  of  cobalt  and  nickel,  jnd  there  is  at  present  a 
tendency  to  adopt  and  amplify  this  sv-tera  of  name-*  but  they 
are  as  yet  too  little  employed  in  the  hteratuie  of  science  to  find 
appropriate  plate  in  an  elementary  manual. 

UEANITTM. 

633.  TJraninm  is  a  rare  metal,  found  in  but  few  localities.  It 
can  be  reduced  irom  its  chloride  by  means  of  hot  potassium, 
but  not  from  its  oxide  by  means  of  hydrogen.  Metallic  uranium 
is  of  a  steel- white  color,  and  is  somewhat  malleable;  it  does 
not  oxidize  in  air  or  in  water  at  ordinary  temperatures,  hut 
burns  brilliantly  when  strongly  heated  in  air.  It  dissolves  in 
chlorhydrio  or  sulphuric  acid,  with  evolution  of  hydrogen,  and, 
in  general,  is  closely  analogous  to  iron  and  manganese  in  its 
chemical  behavior.  The  atomic  weight  of  uranium  is  120 ;  its 
specific  gravity  is  18-4. 

There  are  two  principal  oxides  of  uraniuro,  capable  of  uniting 
with  acids  to  form  salts  (a  protoxide  ITrO,  and  a  scsquioxide 
ITr  O5),  and  two  other  intermediate  oxides,  formed  by  the  union 
of  the  proto-  and  sesquioxides  in  different  proportions.  The 
sesquioxide  also  plays  the  part  of  a  weak  acid  towards  strong 
bases.     Uranium  is  never  used  as  a  metal;  but  compounds  of  it 
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are  somewhat  exten^ivelj  employed  for  coloring  glass,  and  to  a 
cirtam  extent  m  ])hotugraph.i  *1bd  Sesquioxide  of  uranium 
imparts  a  beautiful  pieinish-jelluw  color  to  glass,  and  the  glass 
thus  colored  is  to  a  high  decree  fluorescent ;  the  protoxide,  on 
the  other  hand,  gi\ea  a  fine  black,  highly  esteemed  lor  painting 

(154  The  salts  of  aeflqiuoxide  of  uranium  aro  remarkable  in 
that  fhej  eonstituto  an  c\ception  to  the  general  rule,  that,  to 
form  a  norratl  salt,  as  many  molecules  of  the  acid  are  required 
as  there  are  aton  s  ot  oxygen  m  the  baae  employed.  The  normal 
sulphate  of  t<Ll(.ium,  toi  example  (5  241 ),  may  be  formed  by  the 
Tinion  ot  CiO  and  SO,,  and  the  normal  sulphate  of  sesquioxido  of 
iromscompoBedofPejOjandSSOj,  hut  in  sulphate  of  aesquioxide 
of  uranium  we  find  only  UrPj.SOj,  and  analogous  formulte  ex- 
press the  composition  of  the  nitrate  and  other  salts  of  this  oxide. 
But  in  spite  of  this  pecniiarity,  uranium  has  many  properties  in 
common  with  the  other  members  of  the  sesquioxide  group  of 
metals.  One  characteristic,  for  example,  of  this  aluminum-iron 
group,  which  is  shared  by  uranium,  is  that  the  sesquiosides  are 
capable  of  uniting  with  acids,  not  only  in  the  fixed  and  definite 
proportions  requisite  for  the  normal,  crystallized  salts  already 
described,  but  also  in  very  numerous  indefinite  proportions  to 
form  soluble  basic  compounds,  incapable  of  crystallization  for  the 
most  part,  and  solidifying  in  tough  shining  masses  like  gum 
when  their  solutions  are  allowed  to  evaporate  spontaneously  in 
the  air.  Nitrate  of  iron,  for  example,  may  be  made  as  basic  as 
the  compound  SEcjOj.NjOj,  and  still  be  soluble  in  water;  and 
between  this  limit,  on  the  one  hand,  and  that  of  the  crystallized 
noi-mal  salt  (Fe^Oj.SNjO, +  1811^0)  upon  the  other,  sesquioxide 
of  iron  and  nitric  acid  can  combine  chemically  in  every  con- 
ceivable proportion.  The  compounds  of  sesquioxide  of  iron  with 
other  acids,  and  the  nitrates  and  other  salts  of  the  scsquioxides 
of  the  other  metals  of  the  group,  all  behave  in  a  similar  way,  the 
compounds  of  uranium  being  no  exception  to  the  rule.  This  ten- 
dency to  form  soluble,  gummy,  polybasic  sesquisalts,  so  strikingly 
exhibited  by  the  members  of  the  group  of  elements  now  under 
diaeuasion,  is  evidently  one  of  those  ohaoure  manifestations  of 
the  chemical  force  which  we  have  already  met  with  when  dis- 
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cussing  the  phenomena  o£  solution  (§  49),  and  the  lawof  multiijle 
proportions  (§  76,  end). 

655.  The  moat  important  point  of  difforence  between  uranium 
and  the  other  members  of  the  sesquioxido  group  of  elements  is 
the  fact,  already  alluded  to,  that  one  molecule  of  its  eosquioxide 
unites  with  but  one  molecule  of  base  to  form  crystaUized  salts, 
whereas  the  sesquioxides  of  the  other  members  of  the  group  all 
unite  with  acids  in  the  proportion  of  one  molecule  of  base  to 
throe  molecules  of  acid  to  form  their  normal  crystallized  salts. 
Since  the  alums  are  formed  by  the  union  of  a  norma!  sulphate 
of  some  metal  of  the  alkali  group  with  a  teracid  sulphate  of  some 
metal  of  the  sesquioxide  group,  there  is  no  such  thing  as  a 
uranium-alum,  because  the  teracid  uranium-sulphate  is  wanting. 
Sesquioxide  of  uranium,  in  fact,  behaves  among  bases  somewhat 
as  metaphosphoric  acid  does  among  acids ;  it  stands  in  much  the 
same  relation  to  the  other  teracid  bases  of  its  class,  as  raeta- 
pho  phor  c  a    d  to   1  e  o  d  nary  te  h        phospho   c  ac  d 

boQ  The  &esq  o  nh  Q  o  p  — The  hoad  of  un  on  bet  veon 
the  metals  in  lui  d  in  th  s  cla*^  is  tl  e  fact  that  tl  ey  all  form 
sal  liable  sesq  ox  les  "Most  of  them  io  m  il  o  sal  hable  p  ot 
oxides  and  if  we  ar  ge  the  metals  n  tl  e  o  der  of  their 
aton       ve  „!  ts 

Gl  =  14,  Al  =  27-4,  Cr  =  52-5,  Mn  =  55,  Fe  =  56, 
Ni  =  58-8,  Co  =  58-8,  Ur  =  120, 
it  will  be  apparent  that  the  sesquioxides  of  the  metals  at  the 
head  of  the  list  are  the  most  stable  of  the  sesquioxides,  and  that 
the  protoxides  of  nickel  and  cobalt  are  the  most  stable  of  the 
protoxides,  while  with  manganese  and  iron  both  forms  of  oxide 
are  well  represented ;  uranium  does  not  conform  to  this  ar- 
rangement. Glncinum  and  aluminum  have  no  protoxides  at  all ; 
and  the  protoxide  of  chromium  is  very  unstable.  Some  of  the 
metals  of  the  group  are  usually  bivalent,  others  trivalent,  while 
others  are  both  bi-  and  trivalent. 

The  class  of  salts  called  alums  affords  strong  evidence  of 
the  existence  of  a  natural  relation  between  the  members  of  the 
alkali  group,  on  the  one  hand,  and  the  members  of  the  sesqui- 
oxide group,  on  the  other.  These  highly  crystallized  isomor- 
phoua'salts  are  all  moulded  upon  one  pattern,  and  their  atomic 
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Tolumes  (§  2521  ate  very 

nearly  equal. 

as  the  foUowi 

ng  table  -will 

iliuati'ate  for  some  of  the  niams  :— 

Al«m8. 

Atooiie 

Specific 

Atomic 

Wei  gilt. 

Gravity. 

Volume. 

KA1S,0„1 211,0 

474'5 

275-6 

NaAlS30,,12II,0 

458-4 

1-641 

279-2 

(NHJAlSjOa,12HjO 

4B3-4 

1-621 

279-6 

KCr9,0^12H,O 

4m-9 

1-845 

270-7 

(NH^)0rSsO„12H,0 

478-5 

I -786 

275-5 

(NH0FeS,O„12H,O 

482-0 

1-712 

281-4 

It  is  a  fact  not  unworthy  of  notice,  that  the  eoinpouuds  of  this 
f^oiip  of  metals,  vith  the  exception  of  those  of  glucinum  and 
aluminum,  are  for  the  most  part  colored,  independently  of  the 
colors  of  the  suhstances  -with  which  they  are  united.  The  metals 
of  the  sodium,  enlcinm,  and  magnesium  groups  produce  colorless 
compounds,  unless  when  joined  with  an  acid  possessing  a  color  of 
its  own  Gluciuum  nnd  aluminum  produce,  in  like  mannnr 
coloiless  compounds ,  hut  the  o-vide*-,  hvdritei,  chlorides,  bromides, 
ic  hdes,  sulphides,  and  o^\gen-silts  oi  (.hiumium,  manganese, 
iron,  nickel,  cohalt,  and  uranium  irL  all  more  or  less  colored  m 
themselves  and  everj  color  of  the  spectrum,  from  the  violet  at 
one  estremity  to  the  red  at  tho  other,  can  he  matched  from 
among  the  innumerable  tint*,  exhibited  by  the  various  uimpouniJs 
of  the  Inst  si"^  members  of  tho  seaquioxide  group 

657  "With  the  members  of  the  group  now  under  disctission 
aie  commonly  classed  a  number  of  rare  metals,  more  or  less 
Dearly  related  to  aluminum  and  iron  They  are  all,  howeier, 
of  Biibordmate  interest,  and  netd  only  be  named  m  this  manual 
The  following  is  a  hst  ot  these  elements,  together  with  their 
symbols  and  their  atomic  weights  so  far  as  the  latter  hi\e 
been  determined  — yttiium,Tt,til  b  Frbium,i;r  112  6,  Terbium, 
Th=('),  Zirconium,  Zi  =  t7  2  ,  ISouum  No=('),  Cenum, 
Ce=!)2;  Lanthanum,  La=S)2-8;  Didjmiiira,  Di=95j  Thorium, 
Th=23l-5  (?). 
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658.  Though  hy  no  means  one  of  the  most  ahundant  metals, 
copper  is  nevertheless  very  widely  dittused  in  nature,  and  is 
largely  employed  by  man.  Traces  of  it  exist  in  almost  every 
Boil,  whence  it  ia  taken  up  by  plants,  in  which  it  may  almost 
always  be  detected  hy  refined  testing.  Traces  of  it  have  re- 
peatedly been  found  also  in  the  various  animal  organs  and 
aeeretions.  Many  natural  waters  contain  minute  quantities  of 
copper;  its  presence  may  often  be  recognized  in  the  deposit  of 
oxide  of  iron  which  apparatus  from  chalybeate  waters.  Since 
the  metal  occurs  native  in  many  localities,  several  of  its  valuable 
properties  were  early  recognized  and  made  use  of.  Long  before 
the  discovery  of  methods  of  reducing  iron  from  its  ores,  tools 
and  weapons  made  of  native  copper  were  employed  by  many 
barbarous  nations. 

Besides  occuning  in  the  native  state,  copper  is  found  in  a  great 
variety  of  eombinationa ;  flie  most  common  of  its  ores,  however,  is 
tie  sulphide,  or  rather  a  compound  of  sulphide  of  copper  aud  sulphide 
of  iron  in  varying  proportions,  known  as  copper  pyrites.  The  processes 
of  obtaining  copper  from  its  ores  vary  greatly,  according  to  the  quality 
of  the  ore.  The  oxides  and  carbonates  may  be  readily  reduced  by 
heating  the  ore  in  contact  with  some  carbonaceous  material  aud  a 
flux  suitable  to  remove  the  impurities  of  the  ore.  The  treatment  of 
ores  containing  sulphur  is  far  more  complicated.  Such  ores  are  roasted 
in  the  first  place,  in  order  to  convert  a  considerable  portion  of  the 
sulphides  of  copjier  and  iron  into  oxides ;  a  proper  flux  is  then  added 
to  the  roasted  ore,  and  the  whole  is  melted  down  in  either  a  rever- 
beratory  or  blsst  furnace.  The  oxide  of  copper  formed  by  roastii^  is 
reconverted  into  sulphide,  while  much  of  the  stdphide  of  iron  which 
had  escaped  oxidation  before  ia  now  changed  to  oxide  and  passes  oif 
in  the  slag.  Sulphide  of  topper  comparatively  free  from  u'on  is  thus 
obtained;  in  other  words,  the  copper  ore  ia  very  much  concentrated 
by  the  iperation.     If  need  be,  the  concentrated  product  is  subjected 
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to  a  Beriea  of  roastings  and  meltings,  until  it  hfta  been  nlmost  com- 
pletely freed  from  sulpbide  of  iron  and  other  impurities.  The  pure  oi 
nearly  pure  sulphide  of  copper  ia  then  roasted  in  a  current  of  tar,  until 
a  cei'taio  proportion  of  the  sulphide  hfts  been  converted  into  oxide. 
Finally  the  mixture  of  sulphide  and  oxide  is  strongly  heated  to  a 
temperature  at  which  its  ingredients  react  upon  one  another  in  such 
manner  as  to  yield  sulphurous  acid  and  metallic  copper : — 
OujS  4-  2CuO  =  SO3  +  4Cu. 
Sometimes  copper  is  obtained  by  precipitating  it  with  iron  from 
solutions  of  its  salta,  as  has  been  shown  in  Esp.  339.  The  copper 
thus  thrown  down  by  iron  is  known  as  cement-copper,  and  is  fre- 
quently obtained  from  the  drainage -water  of  certain  mines,  in  which 
a  small  proportion  of  sulphide  of  copper  is  oxidized  by  the  air  to  sul- 
phate of  copper,  and  so  carried  into  solution.  In  some  localities,  low- 
grade  copper^ores  are  lixiTiated  with  chlorhydric  acid,  obtained  as  a 
waste  product  from  the  manufacturers  of  soda-ash,  and  the  coppel 
solution  subsequently  made  to  flow  over  fragmenta  of  scrap  iron. 

The  common  method  of  assaying  copper-ores  is  another  application 
of  the  precipitation  of  copper  by  means  of  iron. 

659.  Copper  is  a  rather  hard  metal,  of  a  well-known  red 
color;  it  ia  very  tenacious,  ductile,  and  malleable.  The  specifio 
gra\'ity  of  the  metal  when  free  from  a ir-bubbles.  varies  between 
8-92  and  8-95.  Copper  melts  less  readily  than  silver,  but  more 
readily  than  gold ;  its  melting-point  has  been  estimated  to  be 
about  1170°,  At  an  intense  heat  it  volatilizes,  though  for  all 
ordinary  purposes  it  may  be  regarded  as  non-volatile.  It  is  one 
of  the  beat  conductors  of  heat  and  electricity  known.  Its  spe- 
cific heat  ia  0-09515.  Copper  combines  with  oxygen  far  less 
readily  than  iron.  Even  at  a  bright-rod  heat  it  is  not  capable  of 
decomposing  water,  excepting  to  a  very  slight  extent.  Finely 
divided  copper,  however,  soon  becomes  oxidized  on  being  exposed 
to  the  air,  though,  as  is  well  known,  solid  masses  of  the  metal 
suffer  Uttle  or  no  change,  at  the  ordinary  temperature,  in  air  free 
from  sulphydric  and  carbonic  acids.  When  strongly  heated  in 
the  air,  copper  quickly  becomes  covered  with  a  coating  of  black 
oxide  of  copper  (see  Esp,  12).  Metallic  copper  is  not  very 
readHy  acted,  upon  by  adds,  excepting  those  rich  in  oxygen. 
The  weaker  acids,  such  as  acetic  acid,  have  no  action  upon  it, 
unless  air  be  present,  ia  which  event  the  metal  is  soon  corroded ; 
2o2 
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and  the  same  remark  applies  to  dilute  chlorhjdrie  and  snipliuric 
acids,  rinely  divided  copper,  however,  slowly  dissolves  with 
evolution  of  hydrogen  in  hot  concentrated  chlorhydric  acid ;  and 
in  hot  oil  of  vitriol  the  metal  dissolves  readily,  as  has  been  Men 
in  the  preparation  of  sulphurous  acid,    (See  Exp.  96.) 

Copper  is  readily  soluble  in  somewhat  diluted  nitric  acid,  suuli 
as  is  coramonly  found  in  commerce  (see  Exp.  37) ;  hut  thf 
strongest  nitric  acid,  of  specific  gravity  1'52,  does  not  act  upon 
it.  When  immersed  in  such  acid  the  metal  remains  bright,  anS 
no  bubbles  of  gas  arise  from  its  surface.  The  phenomenon  is 
explained  by  the  fact  that  nitrate  of  copper  is  insolublo  in  mono- 
hydrated  nitric  acid,  though  readily  soluble  in  water  and  in 
dilute  acid.  Ammonia-water  and  many  salts,  such  as  ehloridb 
of  sodium  and  the  various  salts  of  ammonium,  corrode  copper 
rather  rapidly  when  in  contact  with  air.  Knely  divided  copper 
takes  lire  in  chlorine  gas ;  and  at  a  red  heat  the  metal  unites 
directly  with  bromine,  iodine,  sulphur,  silicon,  and  the  various 
metals.  It  does  not  appear  to  unite  directly  with  carbon  or  with 
nitrogen  at  any  temperature. 

Several  of  its  compounds  with  other  metals  are  of  great  im- 
portance in  the  arts.  Brass  and  the  yellow  metal  used  for 
sheathing  ships  are  alloys  of  zinc  and  copper ;  bronze,  gun-metal, 
and  beU-metal  are  alloys  of  tin  and  copper ;  and  various  compo- 
sitiowi  are  produced  by  mixing  these  alloys  with  brass.  Genoan 
silver  in  its  various  forms  is  an  alloy  of  nickel,  zinc,  and  copper; 
and  copper  is  an  essential  ingredient  of  all  the  common  coins, 
implements,  and  ornaments  of  gold  and  silver, 

660.  Dioandi  of  Copper  (Cu^O)  is  sometimes  found  in  nature 
as  Ruby  copper ;  it  may  readily  be  obtained  by  heating  protoxide 
of  copper  with  finely  divided  metallic  copper,  or  other  reducing 
agents ;  80,  too,  when  masses  of  metallic  copper  are  gently  heated 
in  the  air,  they  become  covered  with  a  thin  film  of  the  dioxide. 

Exp.  340,— Dissolve  in  a  test-tube  a  few  drops  of  honey  or  a  bit  of 
grape-sujjiar  in  a  Uttle  water.  Add  to  the  solution  two  or  three  drops 
of  a  rather  dilute  solution  of  sulphate  of  copper,  and  then  pour  in 
enough,  soda-lye  to  redissolve  the  precipitate  which  is  at  first  pro- 
duced by  the  lye. 

Slowly  heat  the  clear  blue  solution,  and  observe  that  a  yellow  pre- 
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cipitate  of  hydrated  dioxide  of  copper  soon  separates,  first  at  the 
uppermost  ■pait  of  tlie  column  of  liquid,  but  soon  in  all  pai'ta  of  the 
tube,  83  its  contents  become  sufficiently  hot.  When  the  lic[uor  is 
heated  to  boiling,  the  hydrated  yellow  precipitate  charigss  after  a 
time  to  anhydr  d  d'  s'd 

Most  of  the  dilut  ac  d  de  ompose  dioside  of  copper  with 
formation  of  salt  f  the  p  to  d  and  separation  of  metallic 
copper.  But  it  d  as  I  n  n  nt  ated  chlorhydric  acid  and  in 
ammonia-wate  f  m  n  1  less  lutions.  The  ammoniacal 
solution  may  b  empl  y  d  i.  a  t  st  f  the  presence  of  oxygen  in 
any  mixture  of  gases ;  oxygen  is  immediately  absorbed  by  the 
solution  and  a  componnd  of  protoxide  of  copper  and  ammonia 
(Exp.  352)  of  characteristic  deep  blue  color  is  formed.  Dioxide 
of  copper  is  employed  to  a  certain  extent  for  coloring  glass 
rabj-red. 

661.  Protoxide  of  Copper  (CuO)  may  be  prepared  by  heating 
the  metal  or  the  dioxide  in  a  current  of  air,  or  by  igniting  car- 
bonate, hydrate,  or  nitrate  of  copper. 

£xp.  347. — Bind  a  bright  copper  coin  with  wire,  in  such  manner 
that  a  strip  of  wire  8  or  10  cm.  long  shall  be  left  projecting  from  the 
coin ;  thrust  the  free  end  of  the  wire  into  a  long  cork  or  bit  of  wood, 
and  by  means  of  this  handle  hold  the  coin  obUqiiely  in  a  small  flame 
of  the  gas-lamp.  A.  beautiful  play  of  irideacent  colors  will  appear 
upon  the  surface  of  the  copper,  particularly  if  it  be  moved  to  and  fro. 
Thrust  the  hot  coin  into  water,  and  observe  that  it  is  at  this  stage 
covered  with  a  coating  of  red  suboxide  of  copper.  Replace  the  coin 
in  the  lamp  and  hold  it  in  Ihe  hot  oxidizing  portion  of  the  flame 
(Exp.  195) ;  it  will  soon  become  hlack  from  the  formation  of  prot- 
oxide of  copper.  After  a  rather  thick  coating  of  oxide  has  been 
formed,  again  quench  the  coin  in  water ;  the  hlack  coating  or  scale  of 
oxide  will  fall  o^  and  beneath  it  will  he  seen  a  thin  film  of  the  di- 
oxide firmly  adhering  to  the  metal.  This  film  of  dioxide  is  inten- 
tionally produced  upon  the  surfaces  of  many  copper  implements  by  the 
manufacturers.  If  the  coin  were  heated  long  enough  it  would  all  b« 
conTerted,  first  into  the  red  dioxide,  and  then  into  black  protoxide  of 
copper.  The  scales  which  fall  off  when  hot  metallic  copper  is  beaten 
or  rolled,  like  those  obtained  from  the  coin  in  this  experiment,  always 
consist  of  a  mixture  of  the  two  oxides. 

£xp.  3i8.^Evaporate  to  dryness  in  a  porceldn  dish  upon  a  sand- 
bath  some  of  a  solution  of  nitrate  of  copper  prepared  from  copper  ns 
in  Exp.  37.     There  will  be  left  as  a  residue  a  green  basic  nitiat«  of 
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copper.  Place  a  smnll  quantity  of  this  residue  upon  a  fri^ment  of 
porcelain,  and  ignite  it  until  red  nitrous  fumes  are  no  longer  given  oH' 
Pure  protoxide  of  copper  will  he  left  upon  the  porcelnin. 

Though  no  oxygen  can  be  expelled  from  protoxide  of  copper 
by  mere  exposure  to  heat,  all  its  oxygen  may,  nevertheless,  be 
removed  with  great  facility  by  means  of  reducing  agents.  Oxide 
of  copper  is,  in  iaet,  one  of  the  most  convenient  oxidizing  agents 
in  the  chemist's  possession,  and  is  largely  employed  to  this  end 
in  the  analysis  of  organic  compounds.  When  heated  with  ear- 
bonaeeous  siihstanccs,  it  converts  all  their  carbon  into  carbonic 
aeid ;  and,  in  like  manner,  hydrogen  is  iminediately  oxidized  by 
it  and  converted  into  wat«r.  Since  carbonic  acid  and  water  can 
readily  be  collected  and  weighed,  and  since  their  composition  is 
awjurately  known,  the  determination  of  the  amounts  of  carbon 
and  hydrogen  in  any  substance,  through  the  agency  of  oxide  of 
copper,  is  merely  a  matter  of  mechanical  detail. 

£xp.  S49. — Repeat  Exp.  330,  with  the  exception  that  a  tenspoonful 
of  black  oj;ide  of  copper  (Exp.  348)  is  placed  in  the  tube  instead  of  the 
iron  rust.  Water  may  he  collected  in  tie  U-tube  as  before,  and  me- 
tallic copper  will  he  left  in  the  reduction -tube.  But,  unlike  the  easily 
oxidizahle  iron,  the  reduced  copper  will  not  fake  fire  in  the  air. 

662.  Protoxide  of  copper  is  soluble  ia  most  acids,  with  forma- 
tion of  salts  which  are  blue  or  green  when  hydrated,  but  white 
when  thoroughly  dried.  From  the  solutions  of  most  of  these 
salts  hydrated  oxide  of  copper  may  be  precipitated  by  means  of 
any  of  the  strong  soluble  bases. 

Ep  5  —T  n  a  -tube,  or  small  bottle,  8  or  10 c.  c-  of  a 
CO  d  d  n  p  ate  of  copper,  and  add  to  it  enough  of  a 

so  da  der  the  mixture  alkaline  to  test-paper. 

A  hght-h  p  ec  te  will  fall;  hydrate  of  copper  is  insoluble  in 
wa  d  n     a     y 

£  p  35  R  p  a  Exp  350,  with  the  difference  that  the  solutions 
of  caustic  soda  and  sulphate  of  copper  are  both  heated  to  boiling  and 
are  mixed  while  hot.  Instead  of  the  blue  hydrate,  black  protoxide  of 
copper  will  now  be  thrown  down ;  for  bydrate  of  copper  readily  parts 
with  its  water  when  heated,  even  if  it  be  all  the  while  immersed  in 
water ;  it  does  not  again  combine  with  water  after  it  has  become  cold. 
Instead  of  mixing  boiling  solutions  of  the  alkali  and  copper  salt,  the 
moist  precipitated  hydrate  of  copper  of  Exp.  350  might  be  changed 
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to  black  oxide  by  simple  boiling;  but  the  transformatio)!  would  be, 
comparatively  speakiug,  slow,  and  the  experiment  less  striking  than 
the  one  here  described. 

Sxp.  353. — Agiun  repeat  Eip.  350,  but  instead  of  soda-lye  add  to 
the  copper  aalt  ammonia- water,  drop  by  drop,  and  shake  the  tube  after 
each  addition  of  the  ammonia.  Hjdrate  of  copper  will  be  precipitated 
as  before,  in  accordance  with  the  reaction 

CnSO.  4-  2(NH,)H0  -  (NHJjSO,  4-  CuH^Oj; 
for,  as  has  been  said,  this  hydrate  is  insoluble  in  water ;  but,  since  hy- 
drate of  copper  is  readily  soluble  in  ammonia- water,  the  precipitate 
win  redissolve  as  soon  as  more  of  this  agent  than  is  needed  to  decom- 
pose the  copper  salt  is  added.  The  ammoniacal  solution  of  copper  has 
a  ma^iflcent  azure-blue  color. 

663.  The  Sulphides  of  Coppei-  (Cu^S  and  CuS)  are  intereatdng 
from  their  occurrence  as  ores,  and  from  the  reactions  already 
briefly  explained,  wbicb  are  so  important  in  the  industry  of 
copper-smelting  (§  658).  The  protosulphide,  as  obtained  by  add- 
ing sulphydric  acid  to  acidulated  solutions  of  the  salts  of  copper, 

'  is  an  important  substance  to  the  analyst ;  it  is  a  black  powder, 
insoluble  ia  water,  in  dilute  acids,  and  in  alkaline  lyes, 

664.  Dichloride  of  Copper  (CUjClj)  may  be  obtained  by  treat- 
ing a  mixture  of  protoxide  of  copper  and  finely  divided  metallic 
copper  with  coneentrated  chlorhydric  acid,  or  by  boiling  a  solution 
of  the  protoohloride  with  sugar  or  some  other  reducing  agent. 
It  is  a  white  compound,  insoluble  in  water,  but  soluble  in  strong 
eblorhydiic  acid,  and  in  aqueous  solutions  of  chloride  of  sodium, 
chloride  of  potassium,  and  many  other  chlorides. 

665.  Protochloride  of  Copper  (CuCl,)  is  formed  when  copper  is 
burned  in  an  excess  of  chlorine.  It  may  readily  be  prepared  in 
the  hydrated  condition  {CiiCl,-i-2HjO)  by  dissolriag  oxide,  hy- 
drate, or  carbonate  of  copper  in  chlorhydric  acid,  and  evaporating 
the  solution  upon  a  water-bath.  Anhydrous  chloride  of  copper 
is  brown ;  but  the  hydrated  salt  forms  green,  needle-shaped  crys- 
tals. The  concentrated  aqueous  solution  is  green ;  when  diluted 
with  water  it  becomes  blue,  but  turns  green  again  on  being  boiled. 
The  dry  salt  fuses  when  heated,  and  at  a  red  heat  gives  off  half 
its  chlorine  and  is  changed  to  the  dichloride.  Chloride  of  copper 
is  soluble  in  alcohol  and  ether ;  if  some  of  the  alcoholic  solution 
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is  poured  npon  a  tuft  of  eottou  and  then  ignited,  it  will  bum  with 
a  green  flame,  which  is  characteristic  of  copper. 

666.  iSuJpkate  of  Copper  (CuSO,)  has  been  already  obtained 
in  solution  aa  a  secondary  product  in  Exp,  96.  It  may  also  be 
readily  prepared  by  dissolving  oxide  of  copper,  copper-scale  for 
tixample,  in  moderately  dilute  sulphuric  acid.  Much  of  it  was 
formerly  prepared  in  this  way  for  use  in  the  arts ;  it  is  an  inci- 
dental product  also  in  the  process  of  refining  gold  and  silver,  ahd 
m  certain  metallui^ical  operations.  As  it  crystalhzes  from  aqueous 
solutions,  sulphate  of  copper  holds  in  chemical  combination  5  mo- 
lecules of  water,  and  may  then  be  represented  by  the  formula 
CuBOj+6HjO.  This  hydrated  salt,  known  as  blue  vitriol,  is  the 
eommonest  salt  of  copper ;  most  of  the  various  pigments  and  other 
preparations  of  copper,  medicinal  or  chemical,  are  made  from  it; 
and  it  is  itself  used  to  a  considerable  extent  by  dyers  and  calico- 
printers,  and  largely  by  the  eleotrotypers. 

£xp.  353.— Tie  a  piece  of  bladder  over  one  end  of  a  lamp-chimney, 
or  over  the  mouth  of  a  wide-moothed  bottle  or  beaker,  off  which  the 
bottom  hna  been  somewhat  erenly  broken.  Solder  a  piece  of  thick 
copper  wire  to  a  etrip  of  stout  sheet  zinc,  just  wide  enough  to  enter 
the  chimney  or  bottle,  and  a  httle  longer  than  the  bottle  is  deep. 
Place  the  zinc  in  the  bottle  or  chimney,  and  sink  the  bottle  or  chimney, 
with  the  closed  end  down,  in  a  beaker  or  large  tumbler  containing  a 
strong  solution  of  sulphate  of  copper.  Fill  the  bottle  or  chimney  with 
di  ute  nitric  acid,  attach  to  the  copper  wire  a  clean  medal  or  coin,  of 
which  one  side  has  been  varnished,  and  the  other  rubbed  over  with 
plumbago,  and  bend  the  wire  so  that  the  medal  or  coin  may  be  im- 
mersed in  the  sulphate-of-copper  solution  contained  in  the  beaker  or 
tumbler.  Thorough  contact  must  l>e  secured  between  the  copper  wire 
and  the  unvarnished  side  of  the  coin  or  medal.  In  a  few  hours  a  co- 
herent film  of  BoUd,  malleable  copper  will  be  timily  deposited  on  that 
face  of  the  coin  or  medal  which  was  not  protected  by  the  non-conduct- 
ing varnish.  The  shell  of  copper  may  be  readilv  detached  from  the 
coin  or  medal,  the  plumbago  ensuring  the  ready  separation  of  the  two 
metallic  surfaces;  it  is  a  perfect  reverse  of  the  object  copied. 

This  experiment  illustrates  on  a  small  scale  the  important  art  of 
electro-metallui^.  Plating  in  gold  and  silver,  aa  well  aa  in  copper, 
is  extensively  performed  by  a  process  perfectly  analogous  t^  that  ot 
this  experiment,     Woodcuts,  type,  medals,  maps,  and  engravings  are 
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Bccnrftt«ly  copied  by  meana  of  this  deposition  of  metals  from  their  solu- 
tions undoi'  the  action  of  the  galvanic  current. 

It  is  remarkable  that  the  blue  color  of  sulphate  of  copper  de- 
pends upon  the  presence  of  water, 

Exp.  354.— Heat  1  c.  c.  of  powdered  blue  sulphate  of  copper  upon 
a  piece  of  porcelain ;  as  it  loses  its  water,  the  light-blue  powder  will 
turn  white.  A  drop  of  water  upon  the  anhydrous  powder  will  restore 
il3  blue  color. 

If  concentrated  sulphuric  acid  be  poured  over  the  bbie  crystals,  it 
will  abstract  water  from  them,  aad  a  CLuantity  of  the  white  anhydrous 
salt  will  be  formed. 

Since  the  protoxides  of  iron  and  of  copper  axe  isomorphoua,  or 
rather  since  the  metals  iron  and  copper  are  capable  of  replacing 
one  another  in  many  of  their  compounds,  it  it  not  surprising  that 
the  sulphates  of  iron  and  copper  should  crystallize  together  to 
form  a  compound  which  may  contain  almost  any  proportion  of 
either  salt.  This  isoinorphous  mixture  of  the  two  salts  was 
formerly  largely  employed  in  the-arta,  and  is  still  somewhat  used 
to  meet  the  requirements  of  old  receipts  for  dyeing.  In  a  similar 
way,  sulphate  of  copper  erj-stallizes  together  with  the  sulphates 
of  nickel,  cobalt,  zinc,  and  magnesium. 

667.  Nitrate  of  Copper  (CuN^OJ  may  be  obtained  crystallized, 
by  allowing  the  blue  solution,  obtained  in  Exp.  37,  to  evaporate 
spontaneously  in  dry  air.  It  is  interesting  as  an  example  of  a 
salt  ready  to  give  up  oxygen  on  slight  provocation.  If  a  piece 
of  tin-foil  about  20  cm.  square  be  twisted  firmly  around  a  rather 
large  crystal  of  nitrate  of  copper,  then  pierced  in  several  plae«s 
with  a  needle,  and  moistened  with  water,  or  with  a  few  drops  of 
common  spirits  of  wine,  a  powerful  reaction  will  soon  ensue.  The 
tin  will  be  oxidized,  at  the  expense  of  the  oxygen  of  the  nitrate 
of  copper,  much  heat  will  bo  evolved,  and  smoke,  or  oven  flame, 
produced. 

G68.  Acetates  of  Copper  are  formed  by  the  action  of  acetic  acid 
npon  metallic  copper,  exposed  to  the  air.  They  are  commonly 
called  verdigris.  Purified  verdigris  is  the  nonnal  acetate  of  cop- 
per; and  common  verdigris  is  a  hydrated  basic  acetate.  Verdi- 
gris is  usually  prepai-ed  by  packing  plates  of  copper  between 
woollen  cloths  steeped  in  vinegar ;  but  sometimes,  in  wine-grow- 
ing countries,  the  refuse  of  the  wine-press  is  suffered  to  ferment 


sd  by  Google 


570 

in  contact  with  the  copper  plates.  From  time  to  time  the  ver- 
digria  ia  removed  from  the  surface  of  the  copper,  the  plate  of 
metal  heiag  again  and  again  suhjected  to  the  action  of  acetic  acid 
fio  long  as  any  of  it  remains. 

In  ordinary  language,  the  t«rm  verdigris  is  often  incorrectly 
applied  to  the  green  coating  of  carbonate  of  copper,  which  forms 
upon  copper  long  exposed  to  damp  air,  or  to  the  rust  formed 
upon  copper  hy  the  combined  action  of  air  and  almost  any  acid. 
A  compound  of  acetate  of  copper  and  araenite  of  copper  consti- 
tutes the  beautiful  and  vivid  green  color  known  as  Schweiafurt 


669.  Small  globules  of  metallic  mercury  are  sometimes  found 
in  nature;  but  the  principal  ore  of  this  metal  is  the  sulphide 
(HgS),  called  cinnabar.  From  this  sulphide  the  metal  is  readily 
extracted,  by  distiiling  a  mixture  of  it  and  quicklime,  or  iron- 
tnmii^s,  in  cast-iron  retorts.  The  sulphur  is  retained  by  the 
lime  or  iron,  as  the  case  may  be,  while  metallic  mercury  passes 
off  in  the  state  of  vapor  into  receivers  containing  water,  beneath 
which  it  condenses  to  the  liquid  state. 

A  rougher  method  of  manufacture  is  to  heat  the  coarsely 
broken  sulphide  on  a  perforated  brick  arch,  by  a  quick  fire  ol 
brush-wood ;  the  sulphur  in  the  ore  is  kindled,  and,  by  its  com- 
bustion, maintains  the  heat  necessary  to  continue  the  diatOiation. 
The  liberated  mercury  is  condensed  in  wide  and  long  earthen 
pipes,  which  slope  first  down,  and  then  up. 

670.  At  the  ordinary  temperature  of  the  air,  mercury  is  a 
brilliant,  mobile  liquid,  of  13'6  specific  gravity,  which  vaporizes 
slowly,  even  at  ordinary  temperatures,  and  hoila  at  about  360°. 
The  vapor-density  of  mercury  does  not  coincide  with  its  atomic 
weight.  As  is  the  case  with  the  metal  cadmium  (§  599),  the  atomic 
weight  of  mercury  ia  the  weight  of  two  unit-volumes  of  its  vapor, 
and  is  therefore  double  the  vapor-denaity,  instead  of  identical 
with  it.  Into  the  product -volume  of  any  compound  of  mercury, 
one  more  volume  is  condensed  than  would  be  contained  in  the 
product- volume  of  a  corresponding  compound  of  osygen  or  sul- 
phur.    The  atomic  weight  of  mercury  is  200,  and  two  unit- 
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volumes  of  its  vapor  weigh  200  times  as  much  as  one  unit- volume 
of  hydrogeu;  its  vapor- density  should,  thcoreticallj,  bo  100  ;  and 
the  results  of  experiment  approximate  closely  to  this  number, 
(Compare  §259.) 

When  cooled  to  — 39°-4  mercury  freezes.  In  solidifying, 
liquid  mercury  contracts  considerably,  and  there  results  a  ductile 
metal  of  tin-white  color  and  granular  fracture,  which  may  he  cut 
with  a  knife.  Perfectly  pure  mercary  undergoes  no  change  in 
air  or  in  oxygen  gas  at  the  ordinary  temperature,  even  when 
shaken  about  in  the  gas  for  a  long  whUe ;  but  if  mercury  con- 
taining traces  of  foreign  metals,  such,  for  example,  as  that  ordi- 
narily met  with  in  commerce,  be  exposed  to  the  air,  a  gray  pul- 
veraleat  coating  will,  after  a  while,  appear  upon  its  surface. 
This  coating  is  composed  of  oxides  of  the  contaminating  metals 
mixed  with  finely  divided  metallic  mercury.  A  similar  gray 
powder  of  finely  divided  mercury  may  be  obtained  by  triturating 
mercury  with  sulphur,  tallow,  and  a  variety  of  other  substances, 
or  simply  by  shaking  it  with  water  or  oil  of  tui-pentine.  When 
heated  in  the  air  to  temperatures  near  its  boiling-point,  eyen 
pure  mercury  absorbs  oxygen,  and  is  converted  into  the  red  oside 
(§672),  Metahic  mercury  combines  directly  with  chlorine,  bro- 
mine, iodine,  and  sulphur. 

Chlorhydric  acid  has  no  aetion  upon  mercury,  not  even  when 
it  is  hot  and  concentrated.  Dilute  sulphuric  acid  has  scarcely 
any  action  upon  it ;  but  hot  concentrated  sulphuric  acid  converts 
it  into  solid  sulphato  of  mercury,  while  sulphurous  acid  is  evolved 
(Exp.  96).     Nitric  acid,  even  when  dilute,  dissolves  it  easUy. 

targe  quantities  of  mercury  are  used  in  extracting  gold  and 
silver  from  their  ores,  for  silvering  mirrors,  and  in  the  process  of 
fire-gilding.  Preparations  of  mercury  are  employed  also  as  me- 
dicaments, and  for  various  purposes  in  the  useful  arts.  The 
fluidity  of  the  metal  makes  it  valuable  in  the  construction  of 
certain  philosophical  inatrumeuts,  of  which  the  thermometer  and 
barometer  are  familiar  examples. 

There  are  two  oxides  of  mercury — a  black  dioxide,  and  the  red 
protoxide  ;  each  of  these  oxides  unites  with  acids  to  form  a  pecu- 
liar class  of  salts. 

671.  Dioxide  of  Mercury  or  Mereurom  Oxide  (Hg^O)  is  best 
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prepared  by  decomposing  one  of  its  salts,  calomel  for  example 
(§  674),  by  means  of  caustic  soda.  Though  a  rather  powerful 
base  when  in  combination,  it  decomposes  readily  wben  in  the  free 
state,  mere  exposure  to  light  or  to  gentle  heat  being  sufficient  to 
decompose  it  into  metallic  mercury  and  the  red  oxide.  With 
acids  it  eombinea  readily,  with  formation  of  salts  of  the  dioxide 
of  mercury,  or  mercurous  salts  as  they  are  often  called. 

672.  Protoxide  of  Mermiry  or  Mercuric  Oxide  (HgO)  may  be 
prepared  by  heating  metallic  mercury  in  the  air  as  above  described, 
or,  better,  by  heating  nitrate  of  mercury  at  a  temperature  high 
enough  to  drive  off  oxides  of  nitrogen,  but  at  the  same  time  too  low 
to  decompose  the  oxide  of  mercury,  or,  again,  by  precipitating  the 
solution  of  a  salt  of  protoxide  of  mercury  by  means  of  a  caustic 
alkali.  As  obtained  by  the  first  two  methods,  it  is  a  compact, 
granular,  almost  crystalline,  glistening  powder,  of  bright  brick- 
red  color  ;  but  when  prepared  by  the  last  method  it  is,  when  dry, 
a  soft,  light -orange- colored  powder.  Very  considerable  differ- 
ences in  the  chemical  deportment  of  these  red  and  yellow  varieties 
of  the  oxide  have  been  noticed,  though  the  differences  are  hardly 
so  great  as  are  usually  found  between  the  isomeric  modifications  of 
other  substances.  The  precipitated  yellow  oxide  is,  for  example, 
more  readily  decomposed  by  lieat  and  by  chlorine  than  the  red 
oxide.  The  red  oxide,  however,  is  the  substance  known  as  oxide 
of  mercury  in  commerce  and  the  laboratory. 

Considered  as  a  source  of  oxygen,  red  oxide  of  mercury  is 
peculiarly  interesting,  since  by  means  of  it  oxygen  may  be  derived 
directly  from  the  air  (§  12) ;  but  it  neither  affords  the  gas 
cheaply,  nor  yields  an  abundant  supply.  Since  red  oxide  of 
mercury  contains  only  a  single  atom  of  oxygen  for  each  atom  of 
mercury,  and  since  the  atomic  weight  of  mercury  (200)  is  com- 
paratively high,  any  given  weight  of  the  oxide  can,  of  course,  con- 
tain but  a  small  proportion  of  oxygen  :— for 

216  :  16         =  1  :         0074 

Weight  of  Weight  of  Grm.  Grm. 

.   of  HgO.  of  O, 

Although  it  contains  so  small  a  proportion  of  oxygen,  compared 
with  tho  nitrates  and  chlorates  commonly  employed  for  efi'ecting 
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oxidation,  yet,  from  the  facility  with  which  it  give'sup  'hoxigen 
mereurio  oxide  is  still  an  oxidizing  agent  of  cons  ieni  le  ]  uwer 
If  a  small  portion  of  it  be  mixed  with  a  httle  sulphur  and  then 
heated,  the  mixture  will  explode;  bo,  too,  if  fc  be  mixed  w  th  a 
small  fragment  of  phosphorus,  and  struck  w  th  a  hammer  upon 
an  anvil,  a  similar  explosion  will  ensue  ;  the  violent  act  on  de 
pends  upon  rapid  oxidation  in  both  cases. 

Most  acids  unite  readily  with  oxide  of  mere  ry  to  f  m  saltn 
often  spoken  of  as  mercuric  salts.  Both  the  oxiIps  of  mere  r\ 
are,  like  the  protoxide  of  lead  (g  575),  remarkable  for  tl  e  fa  1 1\ 
with  which  they  form  basic  salts.  In  general  the  compounds  of 
mercury  unite  with  one  another  readily  to  form  a  gr  at  variety 
of  double  compounds  and  abnormal  basic  salts,  an  1  as  the  oxy 
chlorides  3:HgO,HgCl^,  and  the  chlorosulphide  2HgS,HgCI,.  The 
properties  of  several  of  these  complex  substances  are  interesting ; 
but  none  of  them  fairly  fall  within  the  scope  of  this  maniial. 

673.  Disulphide  of  Mercury  (Hg^S)  is  a  compound  nearly  as 
unstable  as  the  dioxide  ;  hut  the  protosulphide  (HgS)  is  a  per- 
manent substance  of  considerable  importance  in  the  arts.  Arti- 
ficially prepared  for  use  as  a  pigment,  it  is  known  under  the  name 
of  vermilion.  It  is  the  most  important  ore  of  mercury,  as  has  been 
already  stated  (§  669). 

674.  MercKrous  Chloride  (HgCl),  commonly  called  calomel,  is 
extensively  used  as  a  medicament. 

It  may  be  prepared  either  by  heating  together  a  mixture  of  metallic 
mercury  and  corrosive  sublimate  (§  G75)  until  the  dichloride  sub- 

Hg  +  HgClj  =  SHgOl, 
or  by  subliming  an  intimate  mixture  of  equal  parts  of  sulphate  of  di- 
oxide of  mercury  and  common  salt, 

Hg,SO^  -I-  2NaCl  =  2HgCl  +  NbjSO*. 
By  the  way  of  precipitation  it  may  be  made  by  mixing  together  solu- 
tions of  common  salt  and  nitrate  of  dioxide  of  mercury : — 
HgjNjO,  -I-  2NaCl  =  2HgCI  -}-  Na^NjO,. 
In  place  of  the  corrosive  subhmate  used  in  the  first  method,  intimale 
mixtures  of  sulphate  of  protoxide  of  mercury  and  common  salt,  or  of 
u  salt  and  black  oxide  of  manganese  or  sulphate  of  sesquioxide 
a  may  be  substituted. 
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Calomel  is  a  heavy  white  powder,  which  volatilizes  at  tempe- 
ratures below  redness  without  previous  fusion. 

The  Tapor-deusity  of  calomel  is,  hy  calculation,  117*75. 

"Weight  of  one  atom,  or  two  unit-volumes,  of  mercury   .     20000 
Weight  of  oce  atom,  or  one  unit-volume,  of  chlorine      .       3o-6 

Weight  of  two  unit-volumes  of  ni 

Weight  of  one  unit-voliime  of  m 

The  vapor-denaity  has  been  determined  by  experiment  at 
120-49.  By  slowly  cooling  its  vapor,  prismatic  crystals  of  calo- 
mel may  readily  he  obtained.  Unlike  metallic  mercury,  calomel 
does  not  volatilize  at  ordinary  temperatures.  It  is  tasteless,  odor- 
less, and  as  good  as  insoluble  in  water.  Alkaline  lyes  decompose 
it  readily,  and  it  is  slightly  soluble  in  many  saline  solutions. 

675.  Mercwic  Chloride  (HgCl^),  better  known  by  the  name 
corrosive  suhlimale,  may  be  prepai-ed  by  burning  mercury  in  an 
excess  of  chlorine  gas,  by  dissolving  protoxide  of  mercury  in 
chlorhydrio  acid,  or  by  dissolving  metallic  mercury  in  aqua  regia, 
and  evaporating  to  dryness. 

In  practice,  it  is  commonly  prepared  by  sublimation,  by  carefully 
heating  an  intimate  mixture  of  sulphate  of  mercury  and  common 
jalt  ;— 

HgSOj  +  2NaCl  =  HgCl;  +  NsjSO,. 

Another  method  is,  to  add  concentrated  chlorhydric  acid  to  a  strong 
soiling  solution  of  nitrate  of  dioxide  of  mercury,  as  long  as  a  preci- 
pitate is  formed,  and  to  subsequently  boil  this  precipitate  with  a  quan- 
tity of  chlorhydric  acid  equal  to  that  used  in  preparing  it : — 
HgNO,  +  2H0I  =  HgOlj  +  HjO  +  NOj. 

Beautiful  crystals  of  mercuric  chloride  will  be  deposited  as  the  hot 
Eohition  cools. 

076.  Mercuric  chloride  commonly  occurs  in  commerce,  in  trans- 
lucent erjstalline  masses ;  hut  crystals  of  it  may  readily  be  ob- 
tained, hy  careful  sublimation,  as  well  as  by  slowly  cooling  hot 
solutions.  ,  It  melts  at  about  265°,  forming  a  colorless  liquid 
which  boils  at  293°  ;  the  fumes  are  acrid,  and,  like  the  salt  itself, 
exceedingly  poisonous. 

The  vapor-density  of  corrosive  anhlimate  is,  by  calculation, 
136. 
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Weightof  one  atom,  or  two  unit-WuraeB,  of  mercury    .    .    200 
Weight  of  two  atoma,  or  two  unit-volumes  of  chlorine  .       .     70 

Weight  oftwounit-Tolumeaofmereuricchloride.  .  .  .  270 
Weight  of  one  uiiit-Toiume  of  mercuric  chloride  ....  135 
The  best  experiments  assign  to  the  vapor  of  the  '^alt  the  den- 
sity  of  141.  Mercuric  chloride  is  rather  eaailj  soluble  in  water 
and  alcohol ;  with  the  alkaline  chlondcs  it  unites  to  form  salts 
which  are  easily  soluble  in  water.  These  double  salts  are  so 
numerous  and  well  defined,  that  they  are  regaidid  as  chlorine 
salts  comparable  with  the  sulphur  salta  (§  340)  and  the  oxygen 
salts.  In  this  view,  protochloride  of  mercury  would  be  called 
chloromereurie  acid,  and  its  compoiinds  with  the  alkalies  ehloro- 
mcrcurates.  The  compound  H'aCl,HgCl,,  for  example,  would  bo 
called  chloromercurate  of  sodium,  and  the  compound  NaCl  2HgCL 
the  bichloromercurate.  Corresponding  double  chlonne  salts  are 
formed  by  the  union  of  the  chlorides  of  gold  and  of  platinum  with 
the  chloiides  of  other  metals  aad  compound  radicihi,  as  will  ap- 
pear in  the  sequel. 

677.  Mercuric  chloride  unites  with  many  organic  substani,e8  to 
form  compounds  insoluble  in  water  and  imputre-cible  It  coa- 
gulates albumen,  for  example,  and  the  more  perishable  portions 
of  wood ;  hence  the  employment  of  raw  whites  of  eggs  as  an 
antidote  in  cases  of  poisoning  by  corrosive  sublimate,  and  the  use 
of  the  mercury  salt  for  preserving  wood, — a  purpose  for  which  it 
would,  no  doubt,  be  largely  employed  were  it  not  for  its  high 
cost.  Collections  of  dried  plants,  and  of  other  objects  of  natural 
history,  are  preserved  both  from  decay  and  from  the  attacks  of 
insects  by  brushing  over  them  a  solution  of  the  chloride  lu  alcohol. 
It  is  worthy  of  mention  that  the  compound  of  albumen  and  chlo- 
ride of  mercury,  though  insoluble  in  water,  is  soluble  in  an  exoees 
of  albumen. 

Mercuroua  and  mercuric  bromides,  iodides,  fluorides,  and  cya- 
nides are,  in  general,  analogous  to  the  corresponding  chlorides.     - 
Mercuric  iodide  undergoes  remarkable  changes  of  color  when 
heated  or  subjected  to  friction. 

Erp.  355.— Dissolve  half  a  gramme  of  iodide  of  potassium  in  a  small 
quantity  of  water;  also  dissolve  0'4  of  a  gramme  of  corrosive  sublimate 
in  a  little  water,  and  mix  the  two  solutions.    Collect  upon  a  filter  the 
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beftutiful  red  predpitata  whicli  ia  fonned,  wash  it  carefQllv  with  watei' 
and  dry  it  in  the  air.  Plnce  a  portion  of  the  dry  red  powder  in  a  por- 
celain capsule ;  invert  over  the  capsule  a  small  glass  funnel,  and  heat 
the  capsule  moderately  upon  a  gand-bafi ;  the  iodide  will  melt,  sublime, 
and  finally  he  deposited  upon  the  cold  walla  of  the  fumiel  in  yellow 
crystals.  On  rubbing  these  crystals  with  a  glass  rod,  their  color  will 
change  again  to  red.  Indeed  the  change  of  color  often  occurs  of  itself 
as  the  crystals  cool,  without  IKction.  The  composition  of  the  iodide  is 
neither  changed  by  the  sublimation  nor  hy  the  friction ;  the  change  of 
color  is  due  to  a  change  of  crystalline  form — mercuric  iodide  bein^'  di- 
moiphous,  and  exhibiting  a  red  color  in  ifa  octaliedral  form,  and  a  yellow 
color  when  crystallized  in  rhombic  prisms. 

The  change  of  coloration  may  be  shown  in  another  wsy,  by  dissol- 
ving some  of  the  precipitated  iodide  in  alcohol.  The  alcoholic  solution 
is  colorless  an^  appears  to  contain  the  yellow  modification  of  the 
iodide;  on  pouring  it  into  water,  iodide  of  mercury  is  precipitated  as  a 
yellow  powder,  which  soon  changes  to  red. 

678.  Sulphates  of  Mercury. — There  is  a  sparingly  solable  sul- 
phate of  dioxide  of  mercury  (Hg^SOj),  a  normal  sulphate  of  the 
protoxide  (HgSO,),  and  a  tasic  sulphate  of  the  protoxide  (of  com- 
position 3HgO,SOj).  Normal  mercuric  sniphate  may  be  prepared 
by  dissolving  metric  meruary  in  an  excess  of  boiling  concentrated 
Bulphurie  add,  and  evaporating  the  solution  to  dryness.  It  is  the 
material  from  which  many  other  compounds  of  mercury  are  de- 
rived. It  is  decomposed  by  water ;  an  insoluble  trisulphate  ia 
thrown  down,  while  but  a  small  proportion  of  mercury  remains 
dissolved  in  the  dilute  sulphuric  acid  which  is  formed, 

679.  Nitrates  of  Mercury  are  numerous.  There  are  at  least 
four  nitrates  of  the  dioxide,  and  as  many  of  the  protoxide  namel)' 
the  aormai  salte  and  three  basic  salts  in  either  case.  Both  of  the 
normal  salts  are  soluble  in  water,  and  are  commonly  kept  in  the 
laboratory  as  examples  of  the  mercury  salts.  The  nitrate  of  the 
dioxide  ia  prepared  by  digesting  an  excess  of  metallic  mercury  in 
cold  moderately  strong  nitric  add.  The  solution  should  be  kept 
in  closed  bottles  containing  a  few  globules  of  metallic  mercury. 
The  nitrate  of  the  protoxide  may  be  readily  obtained  by  dissolving 
red  oxide  of  mercury  in  an  excess  of  nitric  acid. 

680.  Amalgams. — Mercury  unites  with  moat  of  tbe  other 
metals,  forming  alloys,  many  of  which  are  pasty,  or  liquid  when 
the  proportion  of  mercury  contained  in  them  is  large.     These 
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alloyB  are  commonly  called  amalgam.s,  in  contradistinction  to  fJie 
ordinary  solid  alloys  of  the  otber  metals,  in  which  mercury  has 
no  pl.ice.  The  liquid  amaJgamsare  truesolutions  of  other  metals, 
or  of  solid  amalgams,  in  tJie  fluid  mercuiy.  The  so-called  silver- 
ing of  mirrors  is  an  amalgam  of  tin. 

Mereary  may  be  detected  in  almost  any  soluble  salt  of  the 
clement  by  introducing  into  a  solution  of  tie  salt  a  piece  of  clean 
copper. 

Exp.  366.— Place  a  drop  of  a  solution  of  either  of  the  nitrates  or 
ciloridca  of  mercury  upon  a  clean  copper  coin  and  rab  the  liijuid  over 
its  surface.  A  white  coating  of  metalUc  mercury  will  be  deposited 
upon  the  metal. 

681.  Copper  and  meretiry  are  classed  together  partly  hecans© 
of  certain  resemblances  between  the  two  motals,  hut  also  becans© 
neither  of  them  falls  naturally  into  either  of  the  other  groups  of 
elements.  They  are  alike  in  that  they  are  not  readily  acted  upon 
by  air,  excepting  at  high  temperatures,  that  they  do  not  decom- 
pose water  at  any  temperature,  and  that  they  both  form  two  sa- 
lifiable oxides,  and  two  chlorides  of  analogous  composition.  They 
are  both  acted  upon  in  the  same  way  by  nitric  and  by  sulphuric 
acids,  the  acid  being  reduced  to  a  lower  degree  of  oxidation, 
while  the  metal  is  dissolved,  as  has  been  seen  in  Exp.  96.  As 
the  forraute  of  their  compounds  have  doubtless  already  suggested, 
mercury  and  copper  are  univalent,  like  the  alkali-metab,  in  the 
mercarous  and  cuprous  compounds,  but  bivalent  in  the  mei'curic 
and  cupric  CDcipouuds. 


CHAPTER   XXXIL 


682.  This  eomparativoly  rare  metal'  i»  fbund  in  several  mine- 
rala,  Such  as  rutile  and  titaniferous  iron,  in  the  condition  of  titanic 
acid,  TiOj.     None  of  its  compounds  are  employed  in  the  arts,  and 
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the  element  itself  is  hero  mentioned  inainly  on  aecoant  of  the  ana- 
logies which  it  bears  to  tin.  Titanic  acid  is  isoraoiphous  with  stan- 
nic aoid  (§  685),  and  resembles  it  closely  in  its  chemical  deport- 
ment. Sesquioxide  of  titanium,  Ti^O,,  corresponds  to  seBquioside 
of  tin,  8n,0,  (§  685) ;  and  in  the  same  way  that  the  latter  may  be 
rf^ardod  as  a  stannate  of  tin,  SnO,8nO,,  the  titanium  compound 
may  he  considered  a  titanate  of  titanium,  TiO,TiOj. 

The  bisulphide  of  titanium,  and  the  bichloride,  bibromide,  and 
bifluoride,  correspond  in  like  manner  to  the  tin  compounds. 


683.  Though  by  no  means  widely  diffused  in  nature,  and  though 
ores  of  it  occur  in  bat  few  localities,  tin  is  one  of  the  metals  which 
ha  e  1  ng    t  b       kn  wn  to  man.     The  fact  admits,  however,  of 

ad  e  I  Ian  t  n  f  r  the  specific  gravity  of  the  ores  is  high,  and 
th    m  t  1  ly      duced  from  them  by  simple  heating  with 

hare    I      1    m  the  manner  of  the  occurrence  of  many  of  these 

s  n  th  b  d  f  torrents,  it  is  evident  that  their  great  weight 
w  Id  be  likely  t  attract  attention,  and  that  their  behavior  to- 
wards fire  would  soon  be  noticed.  The  simplest  possible  metal- 
lurgical operation,  and  the  one  most  hkely  to  suggest  itself  to 
savage  men,  is  the  heating  of  a  heiw  stone  m  a  wood  fire. 

The  principal  ore  of  tin  is  the  binoside,  called  tin-stone.  In 
order  to  extract  the  metal  from  it,  the  tin -stone  is  mixed  with 
powdered  coal  and  heated  upon  the  hearth  of  a  reverberatory 
furnace  in  a  reducing  flame.  The  reduced  metal  melts  readily, 
and  is  then  run  out  of  the  furnace  into  iron  moulds.  Tin  is  a 
lustrous  white  metal,  soft,  malleable  and  ductile,  though  not  very 
tenacious.  Its  ductility  varies  greatly  with  the  temperature  ;  at 
100"  the  metal  may  be  drawn  into  thin  wire,  hut  at  200°  it  is  very 
brittle.  "When  a  bar  of  tin  is  bent,  it  emits  a  peculiar  crackling 
sound,  and  if  the  bending  bo  repeated,  the  metal  becomes  de- 
cidedly warm.  These  phenomena  appear  to  depend  on  the 
disturbance  of  interlaced  crystals  contained  in  the  bar,  and  upon 
the  friction  of  these  crystals  one  against  the  other.  Tin  always 
exhibits  a  great  tendency  to  assume  crystalline  form  in  passing 
from  the  liquid  to  the  solid  condition.  Upon  this  peculiarity  is 
founded  a  method  of  omaraentiag  tinned  iron. 
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Exp.  357. — Heat  a  piece  of  cominon  tinned  iron  over  the  gas-lamp 
until  the  tin  has  melted,  thrust  the  plate  into  cold  water  in  order  that 
the  tin  may  harden  qaicltly,  then  remove  the  smooth  surface  of  the 
metal  hy  rubbing  it  first  with  a  bit  of  paper  moistened,  with  dilute 
aqua  regia,  and  then  with  paper  wet  with  soda-lye.  By  this  treatment 
there  will  soon  be  laid  bare  a  new  surface  covered  with  beautiful  crya- 
taUine  figures,  like  frost  upon  a  window-pane.  Tlie  plate  should  then 
be  washed  thoroughly  with  water,  dried  quickly,  and  covered  with 
Bome  transpaieut  varnish. 

The  same  crystalhne  structure  can  be  brought  out,  though  less  con- 
spicuously, by  removing  the  outside  polished  surface  of  almost  any 
piece  of  tia  plate  by  means  of  warm  dilute  aqua  re^,  without  first 
heating  the  plate  as  in  this  experiment. 

Tin  does  not  tarnish  in  the  air  at  ordinary  temperatures,  no 
matter  whether  the  air  be  moist  or  dry ;  but  when  strongly  heated 
it  oxidizes  rapidly,  and  even  bums  with  a  brilliant  white  light.  ■ 
The  specific  gravity  of  tin  is  about  T'S;  its  atomic  weight  is  118. 
It  melts  at  about  230" — at  a  lower  temperature  than  any  of  the 
other  common  metiils.  At  very  high  temperatures  it  is  slightly 
Tolatile, 

On  aeoottnt  of  its  brilliant  lustre,  and  its  power  of  resisting* 
atmospheric  action,  tin  is  largely  employed  for  coating  other 
metals, — copper,  for  example,  as  in  ordinary  pins, cookin«j-vessel3, 
and  bath-tubs — and  iron,  as  in  common  sheet-tin,  of  which  the 
BO-called  tin  ware  is  manufactured. 

Exp.  358. — Thoroughly  clean  the  surface  of  a  copper  coin,  or  of  a 
small  piece  of  sheet-copper,  by  means  of  dilute  sulphuric  acid ;  place 
the  copper  over  the  gas-lamp,  and  melt  upon  it  a  bit  of  tin  as  large  aa 
a  pea.  Rub  the  melted  tin  over  the  copper  with  a  rag.  It  will  not 
adhere  to  the  copper;  for  although  the  latter  was  oncecaiefully  cleaned, 
it  afterwards  became  coated  with  oxide  of  copper  in  such  manner  that 
the  tin  could  not  come  in  contact  with  the  metal. 

Repeat  the  experiment  as  before ;  but  when  the  tin  has  melted,  strew 
over  the  copper  some  finely  powdered  chloride  of  ammonimn.  On  now 
rubbing  the  tin  against  the  copper,  the  two  metals  will  adhere  firmly. 
The  chlorine  of  the  chloride  of  ammonium  unites  with  the  copper  of 
the  oxide  of  copper  to  form  fusible,  volatile  chloride  of  copper,  while 
ammonia  and  water  are  set  free,  as  may  be  perceived  by  the  odor.  The 
excess  of  tin  should  be  wiped  off  with  a  rag,  so  that  a  smooth  surface 
may  be  left  upon  the  coin. 

3r2 
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When  in  contact  with  dilute  aeida,  or  with  alkalies,  tin  slowly 
absorbs  oxygen  from  the  air  and  goes  into  solution.  Of  the 
Btiong  acids,  nitric  acid  acta  upon  it  violently,  with  formation  of 
insoluble  hydrated  binoxide  of  tin  ;  a  certain  amount  of  water  is 
decomposed  as  well  as  the  nitric  acid,  in  this  reaction,  and  some 
nitrate  of  ammonium  is  formed  ;  the  ammonium  comes  from  the 
union  of  the  nascent  hydrogen  and  nitrogen  of  the  deoxidized  water 
and  nitric  acid  (see  §  92).  Hot  concentrated  chlorhydric  acid  gra- 
dually dissolves  tin,  and  gives  off  hydrogen.  Boiling  concentrated 
sulphuric  acid  converts  it  into  sulphate  of  tin,  with  evolution  of  sul- 
phurous acid ;  but  dilute  sulphuric  acid  has  no  action  upon  it  out 
of  contact  with  the  air.  When  heated  with  concentrated  sodft 
or  potash  lye,  tin  slowly  dissolves,  witli  formation  of  soluble  stan- 
nate  of  sodium  or  of  potassium,  and  evolution  of  hydrogen. 

There  are  two  prominent  oxides  of  tin,  a  protoxide  and  a  bi- 
oside,  besides  intermediate  oxides  compounded  of  these  two. 
The  binoxide  occurs,  moreover,  in  combination,  in  different  iso- 
meric modifications. 

684.  Fi-otoxide  of  Tin  (SnO)  may  be  obtained  as  a  hlack 
powder  by  heating  its  hydrate  in  an  atmosphere  of  carbonic  acid 
or  other  inert  gas.  The  hydrated  protoxide  is  prepared  by  adding 
the  solution  of  an  alkaline  carbonate  to  a  solution  of  tin  in  chlor- 
hydric acid  the  hydrate  is  thrown  down  as  an  insoluble  precipi- 
tate while  carbonic  acid  escapes : — 

feiiU,  +  Na.CO^  +  H,0  =  SnH,0,  +  2NaCl  +  CO,. 
The  h^drate  rapidly  absorbs  oxygen  from  the  air  when  moist, 
but  IS  toleiably  permanent  when  dry.  The  anhydrous  oxide 
undtrgoes  no  change  in  air  at  the  ordinary  temperature ;  when 
tiuched  with  a  glowing  eoal,  it  takes  fire  and  bums  vividly, 
being  converted  into  the  binoxide.  The  hydrate  also  hums  in 
the  same  way  when  lighted.  It  is  remarkable  that  the  anhy- 
drous oxide  is  more  readily  soluble  in  acids  than  the  hydrate ; 
but  in  alkiline  lyes  only  the  hydrate  is  soluble.  Host  of  the 
salt''  of  protoxide  of  tin  greedily  absorb  oxygen  from  the  air  and 
from  miny  oxygenated  substances.  They  are  much  employed  as 
teducmg  agents. 

Srp  359  —To  6  or  6  c.  0.  of  a  solution  of  corrosive  subUmate  add 
R  few  drup?  of  protochloride  of  tin,  and  heat  the  mixture;  &  gray 
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powder  will  separate;   it  is  metallic  mercury,  Tory  finely  divided, 
which  has  been  reduced  from  the  mercuric  chloride.     The  powder 
boiled  with  chlorhydric  acid  agglomerates  into  ■visible  globules: — 
HgClj  +  SnClj  =   SnClj  +  Hg. 
The  protochloride  of  tin  has  abstracted  the  chloriue  from  the  chlo- 
rida  of  m.ercury. 

68d.  Binoxide  of  Fin,  or  Statmie  Add  (SnOJ. — This  oxide 
oceura  in  nature  as  the  principal  ore  of  tin,  as  haa  been  stated  in 
§  683,  and  may  readily  be  prepared  artifl.cially  by  roasting  the 
metal  in  a  free  current  of  air,  or  by  igniting  hydrated  binoside  of 
tin.  It  is  insoluble  in  water,  acids,  and  alkalies,  and  in  general 
is  not  readily  acted  upon  by  chemical  agents.  When  fused  with 
caustic  soda,  however,  it  combines  with  it  to  form  a  soluble  com- 
pound, tike  the  hydrated  oxides  of  phosphorus  and  antimony, 
hydrated  binoxide  of  tin  (SnHjO,)  is  remarkable  for  the  different 
chemical  properties  it  exhibits  when  prepared  in  different  ways. 
As  obtained  by  heating  metallic  tin  with  concentrated  nitric  acid, 
it  is  almost  absolutely  insoluble  in  some  acids,  and  disaolyea  only 
with  difficulty  in  others.  The  hydrate  obtained  by  precipitation 
from  solutions  of  bichloride  of  tin  and  of  an  alkaline  carbonate, 
ia  very  readily  soluble  in  acids.  By  ignition,  the  soluble  hydrate 
is  eouTerted  into  insoluble  anhydrous  oxide  of  tiu. 

The  difference  in  chemical  behavior  above  mentioned  is  not 
confined  to  the  hydrates  alone,  it  exists  as  well  in  the  compounds 
formed  by  the  union  of  these  hydrates  with  other  substances, 
both  acids  and  bases;  hence  the  names  stannic  acid,  applied  to 
the  soluble  hydrate,  and  metastannic  acid,  applied  to  the  in- 
soluble modification.  The  generic  terms  stannate  and  meta- 
stannate  applied  to  the  compounds  of  these  two  varieties  of  the 
oxide  are  employed  precisely  as  in  the  case  of  phosphoric  and 
antimonic  acids  (§§  293,  352).  Both  modifications  are  soluble 
in  alkaline  lyes,  but  the  one  representing  metastannic  acid  is  far 
.eaa  readily  soluble  than  the  other. 

The  stannates  of  the  alkali-metals,  sodium  and  potassium, 
crystallize  readily  from  their  aqueous  BolutJona;  but  the  corre- 
sponding nietastannates  do  not  crystallize,  they  are  insoluble  in 
saline  solutions,  and  may  be  precipitated  as  gelatinous  masses  by 
adding  aJmoat  any  neutral  salt  of  an  alkal- -metal  to  their  aqueoua 
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solutions.  Among  the  sf<4nnates,  tliat  of  tin  (RnO  SnO^ssSn  0,) 
is  worthy  of  mention,  on  e  it  is  often  de=n,nbed  is  the  sesijui- 
oside  of  tin.  Stannate  tf  snliiiin  11  omewliat  extensively  em- 
ployed in  the  printing  of  mouasehnea  de  lame 

A  good  method  of  prcpinng  it  la  to  boil  pjanulated  tin  or 
scraps  of  tinned  iron,  in  a  solution  of  litharge  m  an  eicess  of 
caustic  soda: — 

Sn  +  Na,Pl  0,  =  Ni  SnO^  +  2Pb 
Or  a  mixture  of  caustic  s  da  nitrate  of  aodmm  and  metallic  tin 
may  be  melted  in  an  iron  kettle  a  certain  portion  of  chlonde  of 
sodium,  or  of  stannate  of  sodium  Irom  1  jievious  fusion,  being 
added  to  the  mixture  m  order  to  mitigate  the  force  of  the 
reaction. 

686.  Tke  SuJjjhides  of  Tm  (SnS  Sn^S  ind  SnSJ  couebpond 
to  the  oxides.  The  proto5ulphidD(SnS)is  picciiitated  as  1  dark- 
brown  powder  when  sulphydnc  acid  is  added  to  the  solutin  of  a 
salt  of  protoxide  of  tin  The  bisulphide  (&nS  )  when  pitpared  in 
the  dry  way  is  a  beautiiul  ytllow  CDmpjund  known  aa  moiaie 
gold,  or  bronze  powder,  and  is  somewhat  employed  in  decorative 
painting. 

Exp  360  —Prepare  11  quantity  of  tin  amalgam  by  heating  together 
in  a  glass  finale  12  grms  of  granulated  fin  and  6  grms  of  meicury 
Rub  the  amalgam  in  a  poicela  n  n  ortar  together  with  7  grms  of 
sulphur  and  6  pims.  of  chlcnde  of  ammonium  until  the  different  m- 
gwdi^nts  have  been  thoroughly  moorporat  d  one  wifh  the  other 
Place  the  mixture  in  a  "mall  long  necke  1  glass  flask  and  «lo  vly 
heat  it  to  low  redness  upon  a  -Aud  1  ath  After  an  hour  or  two  there 
wiO  he  found  at  the  bottom  of  the  flask  a  quantity  of  bisulphide  of 
tin,  in  the  condition  of  soft,  beautiful,  golden-yellow  powder,  ot  flaky 
texture,  while  in  the  neck  of  the  flask  there  will  be  found  a  deposit  of 
chloride  of  ammonium  contaminated  with  sulphur,  sulphide  of  mer- 
cury, and  protochloride  of  tin. 

Instead  of  the  amalgam  and  the  proportions  of  the  Other  ingredients 
as  given  above,  there  may  be  healed  in  thH  flask  an  intimate  mixture 
of  2  grms.  of  dry  protoaulphide  of  tin,  half  a  grm.  of  sulphur,  and 
1  grm.  of  chloride  of  ammonium. 

The  part  played  by  the  chloride  of  ammonium  in  these  experimeuta 
IS  not  well  understood ;  it  is  known  only  that  the  presence  of  this  salt 
promotes  the  formation  of  a  brilliant  golden-colored  praduct,  though 
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ttere  is  no  evidence  that  the  chloride  either  undergnes  or  produces 
any  chemical  change.  It  ia  by  no  means  improbable,  however,  that 
by  volatilizing  at  the  right  moment  the  chloride  of  ammonium  may 
so  moderate  the  heat  engendered  by  the  combination  of  the  sulphur 
and  the  tin  that  the  temperature  of  the  niisitute  is  prevented  from 
reaching  a  point  at  which  the  bisulphide  would  be  decomposed. 

The  Chlorides  of  Tin  are  perhaps  more  important  than  any 
other  compounds  of  the  metal. 

687.  I'rotockhride  of  Tlu  (SnClJ  is  obtained  by  dissolving 
L  boiling  concentrated  chlorhydric  acid.  On 
It  d    U  w    g  1 1      7  talli      I  tic 

bt       d    f  th       mp     t       '5  CI  +2JL0. 
1    g  ly        d  by  d}  d      I       p      t  ra, 

d     th  f  (         I       P    t    1 1  nd     f  t       wh  th     m  the 

d  t         t     ry  tal  It  j  dl      1      b        y        f  om 

th  d  tedtmt         fbhlndftind 

1  bl        y  hi  nd       It  m    t  th      f       b    k  pt        t  ght 
p    k  Th    1  It  18      mpl  t  ly     1  bl     n       m  11  q     n- 

t  ty    f  w  t        b  t  wh       th         It  m      d  w  th       1  rge 

q       tity    f  w  t       td      mp  h    hly      d      1  t         f  l^o- 

t    hi     d     f  ta  hi    hydn         dm  It        while  a 

p     put    f    J  hi  nd    ftunb  US  ci+airo)    bd 

Protochlonde  of  tm  is  a  poweifui  reducing  agent,  as  has  been 
shown  in  Exp.  359 ;  it  combines  readily  either  with  oxygen  or 
with  chlorine,  and  ia  frequently  employed  to  remove  these  ele- 
ments from  their  compounds.  By  means  of  it,  the  nsidcs  or 
chlorides  of  arsenic,  antimony,  gold,  silver,  or  mercury  may  bo 
reduced  to  the  metallic  state ;  the  salts  of  sesquioside  of  iron, 
and  of  protoxide  of  copper,  may  be  reduced  to  the  degree  of 
protoxide  and  of  dioxide  respectively,  vhile  awds  such  as  chro- 
mic and  manganic  are  reduced  to  the  condition  of  basic  oxides. 
Sulphurous  acid  is  reduced  by  it  in  such  wise  that  a  precipitate 
of  sulphide  of  tin  is  formed,  when  solutions  of  pi  totbloride  of 
tin  and  of  sulphurous  acid  are  mixed  ,  it  converts  blue  indigo  to 
white  indigo,  and  is  capable  of  absUacting  oxygen  from  a  host  of 
other  aubstaiices. 

At  the  temperature  of  100°,  aJl  the  water  may  be  expelled 
from  the  crystallized  salt;  bnt  some  of  the  chlorhydric  acid  is 
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liable  to  go  off  at  the  same  time,  so  that  it  is  not  easy  in  this 
Tray  to  ohtain  the  anhydrous  salt  in  a  state  of  purity.  A  better 
way  of  obtaining  the  anhydrous  salt  is  to  heat  together  oquai 
weights  of  finely  divided  tin  and  corrosive  sublimate ; — 

HgCi^  +  Sn  =   SnCl,   +  Hg. 
The  dry  chloride   of  tin  remains  as  a  residue,  while  metallic 
mercury  goes  off.     The  anhydrous  salt  may  itself  be  distilled  at 
a  full  red  heat. 

Protochloiide  of  tin  unites  with  many  of  the  metallic  chlorides 
to  form  double  compounds,  which  may  be  called  ohloroatannites. 

688.  M-hhride  of  Tin  (SnClJ.— When  anhydrous,  this  com- 
pound is  a  fuming,  volatile,  colorless  liquid,  of  2'7  specific  gravity. 
It  does  not  solidify  at  —20°,  but  boils  at  115°.  When  exposed 
to  the  air  it  gradually  absorbs  water,  and,  after  a  while,  hydratcd 
crystals  are  formed.  When  mixed  with  about  one-third,  its 
weight  of  water,  it  solidifies  to  a  mass  of  hydratcd  crystals, 
much  heat  being  at  the  same  time  evoived.  These  crystals  are 
readily  soluble  in  a  small  quantity  of  water ;  but  when  treated 
with  much  water  they  decompose,  hydrated  binoxide  of  tin  is 
precipitated,  and  free  chlorhydrio  acid  passes  into  solution. 

In  order  to  prepare  anhydrous  bichloride  of  tin,  chlorine  gas 
may  be  passed  over  hot  chloride  of  tin,  or  molted  metallic  tin ; 
or  an  intimate  mixture  of  1  part  of  tin  filings  and  4  or  5  parts 
of  corrosive  sublimate  may  be  distilled  in  a  retort.  The  hydrated 
bichloride  and  in  general  all  solutions  of  the  bichloride  are  ob- 
tained, either  by  dissolving  tin  in  dilute  aqua  regia,  by  passing 
chlorine  into  solutions  of  protochloiide  of  tin,  or  by  heating  the 
protochloride  with  chlorhydrio  acid  to  which  a  little  nitric  acid 
baa  been  added.  The  anhydrous  salt  may  be  prepared  from  the 
hydrate,  by  distilling  the  latter  with  concentrated  sulphuric  acid, 
which  retains  the  water. 

Like  the  protochloride,  bichloride  of  tin  is  lai^ely  employed  in 
dyeing.  It  eorabines  also  with  the  alkaline  and  other  chlorides 
to  form  Ealts,  known  as  chlorostannates.  The  substance  called 
pink  salt,  in  commerce,  employed  in  the  preparation  of  pink  colors 
upon  calicoes,  is  a  chlorostannate  of  ammonium,  2NH^Cl,SnClj. 
There  are,  of  course,  many  other  salts  of  tin,  but  none  of  them 
are  of  sufficient  interest  to  be  mentioned  here. 
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689.  The  alloys  of  tin  are  important.  The  composition  of 
bronze,  bell-metal,  &o.  has  been  already  mentioned  under  copper 
(§  659),  that  of  stereotype- metal  under  antimony  (§  S48),  and 
tiiat  of  tin  amalgam  under  mercury  (§  680).  Of  the  other  alloys 
of  tin,  those  formed  by  its  union  with  lead  are  most  remarkable. 
Plumber^  solder  consists  commonly  of  equal  parts  of  lead  and  tin, 
though  some  kinds  of  it  contain  only  one-third  their  weight  of 
lead,  and  others  only  one-third  their  weight  of  tin.  Pewtei-  ia 
composed  of  tin,  together  with  a  small  proportion  of  lead. 

690.  With  tin  and  titanium  may  be  classed  the  two  exceed- 
ingly rare  metals  Columbium  (niobium)  and  Tantalum.  The 
principal  source  of  columbium  is  the  rare  American  mineral 
coiumbite.  Tantalum  is  procured  from  the  Scandinavian  mineral 
tant^ite.  ,  The  four  metala  form  binoxides  and  volatile  chlorides 
containing  four  atoms  of  chlorine,  and  are  therefore  sometimes 
quadrivalent.  In  this  respect  the  tin  group  differs  from  all  the 
groups  heretofore  studied,  excepting  the  group  composed  of 
carbon,  boron,  and  silicon.  Tin  and  titanium  have  a  like  mode 
of  occurrence  in  nature. 


CHAPTER    XXXin. 


MOLYBnEunM. 


691.  This  rare  element  is  generally  found  in  nature  in  com- 
bination with  sulphur,  as  bisulphide  of  molybdenum.  This  bi- 
Bulphide  is  a  mineral  closely  resembling  graphite  and  galena  in 
appearance.  The  name  molybdenum  is  derived  from  a  Greek 
word  sometimes  applied  to  galena.  Molybdenum  is  a  white 
metal  almost  as  lustrous  as  silver,  of  specific  gravity  8'6.  Its 
atomio  weight  is  96. 

There  are  three  oxides  of  molybdenum — a  protoxide  (MoO) 
and  a  binoxide  (MoOJ,  both  acting  as  bases,  and  a  teroxide 
(MoOj),  which  is  a  strong  acid  known  as  molybdic  acid.     Molyb- 
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dato  of  ammonium,  is  a  salt  much,  valued  by  the  analyst,  since  hy 
means  of  its  solution  very  small  quantitiesof  phosphoric  acid  may 
be  detected ;  a  double  compound  o£  molyhdate  and  phosphate  of 
ammonium  is  deposited  as  a  yellow  crystalline  precipitate. 


692.  Vanadium  is  a  metal  somewhat  resembling  molybdenum 
on  the  one  hand,  and  having  certain  analogies  with  chromium 
upon  the  other.  It  appears  to  be  rela.ted  to  the  members  of  the 
nitrogen  group  also.  Though  seldom  found  in  large  masses, 
it  appears  to  be  rather  widely  diffused  in  nature,  traces  of  it 
often  accompanying  the  ores  of  iron,  for  example.  It  has  four 
oxides,  viz.,  Va  Oj  —  Vs  O3—  V^  O^  and  V^  0,.  The  last  acts 
as  an"-  acid  and  forms  salts  by  combining  with  bases.  _The 
atomic  weight  of  vanadium  is  51.3. 


693.  The  element  tangsten  is  far  less  rare  than  the  othor  mem- 
bers of  the  group  now  under  discussion.  It  is  found  in  consider- 
able quantities  in  combination  with  oxygen,  iron,  and  manganese, 
in  the  mineral  wolfram,  whence  the  Latin  name  of  the  element 
wolframium,  and  the  symbol  W.  The  mineral  scheelite  also  con- 
tains tungsten,  in  combination  with  oxygen  and  calcium.  MetaUio 
tungsten  may  bo  reduced  from  its  oxides  by  means  of  hydrogen 
gas  at  a  bright-red  heat,  or  by  charcoal  at  a  white  heat.  It  is  a 
hard  iron-gray  metal,  of  specific  gravity  17'6,  and  very  refractory. 
Its  atomic  weight  is  184,  The  metal  has  been  employed  to  a 
certain  extent  in  the  preparation  of  steel ;  a  small  quantity  of  it 
added  to  steel  has  been  found  to  greatly  increase  the  hardness 
of  the  steel,  and  to  impart  to  it  other  valuable  properties. 

694.  There  are  two  oxides  of  tungsten:— a  binoxide  (WO^), 
which  does  not  unite  with  acids  to  form  salts,  hut  acts  rather  as 
an  acid ;  and  a  teroxide  (WOJ  called  tungstio  acid.  Tiingstio 
acid  by  uniting  with  bases  forms  a  large  number  of  salts,  many 
of  which  are  of  very  complex  composition.  The  most  important 
ore'of  tungsten,  wolfram,  is  a  mixture  in  varying  proportions  of 
the  tungstates  of  the  protoxides  of  iron  and  of  manganese.  The 
general  formula  of  the  mineral  may  be  written  110,  WO^,  in  which 
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R  stands  for  either  iron  or  manganese ;  but  there  are  iievertheleas 
two  special  varieties  of  the  mineral,  one  tending  to  correspond 
with  the  formula  2(reO,WO,),  3(M:nO,WO,),  in  which  the  pro- 
portions of  iron  to  manganese  are  as  2  to  3,  and  the  other  to  the 
formula  4(i'eO,WO,) ;  MnO,W0,,  in  which  the  telaUoa  of  the  iron 
to  the  manganese  is  as  4  to  1.  The  first  vaiiety,  richer  in  man- 
ganese, is  of  lower  speoifio  gravity  than  the  Tariety  rich  in  iron. 
But,  since  the  atomic  weights  of  iron  and  of  manganese  are  nearly 
equal,  the  proportion  of  tungstic  acid  is  almost  absolutely  the 
same  in  both  varieties  of  the  mineral.  Wolfram  is  a  very  heavy 
mineral,  ita  specific  gravity  being  as  high  as  73.  Indeed  the 
name  tungsten  is  derived  from  Swedish  words  meaning  heavy 
stone. 

Tungstate  of  sodium  has  been  employed  to  a  small  extent  for  the 
purpose  of  rendering  cotton  and  hnen  uninflammable.  If  a  weak 
flolution  of  the  tungstate  be  added  to  the  starch  employed  to  stiifen 
light  fabrics,  the  cloth  therewith  impregnated  may  be  exposed  to 
fire  without  inflaming ;  it  will  simply  bo  slowly  charred. 

The  compounds  of  tungsten  are  remarkably  similar  to  those  of 
molybdenum.  The  metal  resembles  both  molybdenum  and  vana- 
dium in  forming  an  acid  teroxide,  a  binoxide,  and  a  volatile  ter- 
chloride.  Like  molybdenum  and  vanadium,  it  decomposes  water 
at  high  temperatures. 


CHAPTEB   XXXIV. 


G95.  Though  generally  found  only  in  small  quantities,  gold  is 
very  widely  diffused  upon  the  surface  of  the  globe.  Traces  of  it 
may  be  found  beneath  the  sandy  beds  of  most  rivers,  and  it 
occurs  in  many  of  the  crystalline  rocks  and  in  the  soils  resulting 
fixim  their  decomposition.  Many  varieties  of  iron  pyrites,  in  par- 
ticular, contain  appreciable  quantities  of  gold,  and  silver  is  never 
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found  in  nature  altogether  free  from  it.  It  oecure  in  the  lead 
and  coppor  of  commerce,  aa  well  as  in  the  ores  from  which  these 
metala  arc  derived  and  in  many  of  the  salts  obtained  from  them, 
and  liaa  heen  detected  in  various  other  metala ;  it  is,  in  short, 
almost  eYOrywhere,  The  chief  source  of  the  metal  as  an  article 
of  commerce  is  native  gold ;  this  is  sometimes  found  in  a  condition 
of  purity,  but  ia  usually  alloyed  with  more  or  leas  silver.  It  is 
collected,  either  directly  by  mechanically  washing  away  the 
lighter  substances  with  which  it  is  associated,  or,  in  the  case  of 
poorer  ores,  the  gold  is  dissolved  out  ciiemically  by  means  of 
quicksilver,  and  is  auhsequently  recovered  from  the  amalgam  by 
filtration  and  distillation. 

The  separation  of  gold  from  the  rocks  and  eauds  ia  which  it 
occurs  is  a  process  attended  with  much  labor ;  hence  gold  is  one 
of  the  costliest  of  metala.  The  price  of  a  gramme  of  gold  is  about 
sixteen  times  that  of  a  gramme  of  silver,  and  twice  as  gteat  as 
that  of  a  gramme  of  platinum. 

696.  Pure  gold  is  remarkable  as  being  the  most  malleable  of 
the  metals,  and  as  being  the  only  metal  of  a  decided  yellow  color ; 
also  for  its  softness,  which  is  nearly  as  great  as  that  of  lead.  It 
has,  however,  much  tenacity,  and  may  be  drawn  into  extremely 
fine  wire ;  1  grm.  of  gold  can  be  made  to  yield  as  much  aa  3  kilo- 
metres of  wire.  The  metal  can  be  beaten  into  leaves  which  are 
not  more  than  one  fen -thou  Ban  dlli  of  a  millimetre  thick.  Very 
thin  leaves  of  gold  are  transparent,  transmitting  a  green  polarized 
light. 

Next  to  platinum,  gold  ia  the  heaviest  of  the  ordinary  metals ; 
its  specific  gravity  varies  from  19-26  to  19-37,  according  as  it 
has  been  more  or  less  compressed.  Its  atomic  weight  is  196. 
It  melts  somewhat  less  readily  than  copper  or  silver,  at  a  tem- 
perature estimated  to  lie  between  1200°  and  1250".  Its  power 
of  conducting  heat  and  electricity  is  greatly  inferior  to  that  of 
silver.  It  is  not  volatile  to  any  great  extent  at  the  melting  tem- 
perature ;  but  at  higher  temperatures,  such  as  it  is  subjected  to 
in  the  ordinary  processes  of  melting  and  refining,  the  metal  wastes 
considerably ;  and  at  the  temperature  obtained  by  the  oxyhydro- 
gen  blowpipe  the  metal  goes  off  aa  a  thick  vapor. 

697.  In  the  air,  gold  undergoes  no  change  at  temperatures 
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lower  than  its  melting-point;  and  upon  this  faetj  takon  in  con- 
nexion with  the  beautiful  color  and  lustre  of  the  metal,  and  its 
comparative  rarity,  its  principal  uses  depend. 

On  account  of  this  indestructihility,  gold  was  regarded  by  the 
earlier  chemists  as  the  king  of  metals ;  together  with  platinum 
and  silver,  it  is  still  spoken  of  as  a  noble  metal.  Few  chemical 
agents,  excepting  melted  metals,  have  any  action  upon  gold. 
None  of  the  common  acids,  when  taken  singly,  can  dissolve  it, 
thongh  the  metal  is  completely  soluble  in  a  mixture  of  chlor- 
hydric  and  nitric  acids  (§  104),  and  is  not  completely  insoluble 
in  nitric  acid  contaminated  with  nitrous  or  hyponitric  acid.  The 
elements  chlorine  and  bromine,  however,  unite  with  it  in  the  cold ; 
and  when  hot  it  is  attacked  by  phosphorus  and  arsenic. 

As  commonly  met  with  in  coins  or  jewelry,  gold  is  far  from 
being  pure ;  coin,  for  example,  usually  contains  at  least  10  per 
cent,  of  copper. 

In  order  to  prepare  pure  gold,  a  piece  of  coin  may  be  dissolved  in 
aqua  regia  (Ejp.  60J,  the  solution  evaporated  to  dryness  upon  a  water- 
bath,  in  order  to  expel  the  excess  of  acid,  the  residue  taken  up  with 
water  and  filtered,  to  remove  any  chloride  of  silver  which  Inay  be 
present,  and  the  gold  finally  precipitated  as  a  brown  powder,  by  adding 
to  the  solution  some  sulphatcof  protoxide  of  iron  dissolved  in  water: — 
SAuCl,  +  eFeSO.  s=  2Au  +  FejCI,  +   2(Fej03,3SOJ. 

The  powder  may  then  be  collected  and  dried,  and,  if  desirable,  melted 
and  cast  iato  solid  masses. 

Upon  the  large  scale,  fine  gold  is  obtained  from  its  alloys  by  re- 
moving the  baser  metal  by  means  of  either  sulphuric  or  nitric  acid. 

When  an  alloy  of  gold  and  silver,  or  copper  is  boiled  with  concen- 
trated snlphm'ic  acid  in  iron  kettles,  the  silver  and  copper  dissolve  with 
evolution  of  sulphurous  acid,  while  the  gold  remains  undissolved,  and 
the  iron  vessel  is  not  acted  upon.  In  order  to  recover  the  silver  from 
the  solution  of  mixed  snlphates,  sheets  of  copper  are  placed  in  this 
solution,  and  the  silver  is  precipitated  upon  them,  as  has  been  shown 
in  Exp.  267. 

The  solation  of  sulphate  of  copper  is  then  evaporated,  and  the  salt 
obtained  in  the  crystallized  condition  fit  for  sale. 

The  treatment  of  the  alloy  of  gold  and  silver  with  nitric  acid  is 
based  upon  the  fact  that  silver  is  soluble,  while  gold  is  insoluble,  in 
this  aind.  But  it  has  been  found  necessary,  in  order  to  obtain  a  com- 
plete sepatation  of  the  two  metals,  that  the  proportion  of  silver  to 
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that  of  tlie  g^ld  in  the  alloy  should  be  as  much  as  2  or  3  to  1 ;  other- 
wi  p  rt  on3  of  the  silver  would,  alter  a  while,  heeome  so  covered 
with  11  aa  to  be  protected  from  the  action  of  the  acid,  and  the  two 
m  t  1  ould  not  ha  completely  separated  from  ona  another.  In  prac- 
ti  wh  never  the  alloy  to  be  treated  is  found  to  contain  more  than  a 
q  lart  of  its  weight  of  gold,  enough  silver  is  added  to  reduce  it  to 
th  J  op  rtion ;  hence  the  term  quarlntvm,  by  whieli  this  njethod  of 
partuig'  gold  and  silver  is  common] j  known. 

Finely  divided  gold  obtained  by  precipitation,  as  above  indicated, 
b  employed  to  a  considerable  extent  for  gilding  porcelain.  The  sur- 
fece  to  be  gUt  is  first  painted  with  an  adhesive  varnish,  then  covered 
with  a  mixture  of  the  gold  powder  and  a  fusible  enamel,  and  exposed 
to  intense  heat;  on  being  subsequently  biu'aished,  the  gold  talces  a 
high  polish. 

There  are  two  series  of  gold  salts,  corresponding  to  the  two 
oxides — a  protoxide  AuO,  and  the  teroside  AuOj.  These  oxidea 
are  rather  acids  than  bases ;  the  teroxide  in  particular  unites 
■with  many  metallic  oxides  to  form  compounds  known  as  aurates. 
The  chlorides,  bromides,  and  iodides  of  gold  also  readily  combine 
■with  other  metatlie  chlorides  to  form  chloraurates,  chloraurites, 
and  the  analogous  bromine  and  iodine  compounds. 

698.  Terchloride  of  Gold  (AnCl,)  is  the  compound  of  gold  most 
commonly  employed  in  the  laboratory.  The  manner  of  preparing 
it  has  been  already  indicated  in  §  697.  It  serves  as  a  valuable 
test  for  tin. 

699.  Oildinff. — There  are  several  methods  of  attaching  a  film 
of  metallic  gold  to  surfaces  of  the  baser  metals. 

In  the  old  process  of  flre  gilding,  the  object  to  be  gilt  waa  first 
heated  to  redness,  then  washed  with  dilute  acid  to  cleanse  its  surface, 
and  with  a  solution  of  nitrate  of  mercury  in  order  to  amalgamate  it 
alightiy ;  it  was  then  rubbed  -with  a  paaty  amalgam  composed  of  two 
parts  of  gold  and  one  part  of  mercury.  After  a  portion  of  the  gold 
amalgam  had  thus  been  attached  to  the  surface  of  the  article  to  be 
gilt,  the  latter  was  heated  to  drive  off  the  mercujy,  and  the  gold  left 
npon  it  was  polished  ■with  a  buinishing-tool. 

In  the  more  modem  method  of  electro-gilding,  the  object  to  be  gilt 
is  attached  to  the  negative  pole  of  a  galvanic  battery,  a  bar  of  gold  is 
festened  to  the  positive  pole  of  the  battery,  and  both  the  object  to  bo 
gilt  and  the  bar  of  gold  are  placed  in  a  mixed  solution  of  cyanide  ot 
gold  and  cyanide  of  potassium.  Under  the  action  of  the  current,  the 
solution  is  decomposed;  gold  is  deposited  &omitupoa  the  object  at 
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the  negfttive  pole  of  tie  battery,  -while  tlie  otlier  ingredients  of  the 
solution  go  to  the  positive  pole,  there  to  dissolve  gold  Jrom  the  bar, 
ftnd  thus  mnke  good  to  the  solutiou  the  metal  it  has  lost.  Compare 
Exp.  S53.)  Articles  of  silver,  copper,  bronze,  brass,  or  platinum,  may 
thus  be  gilt  directly ;  but  witb  iron,  afee!,  or  tin,  it  ia  neceasary  tirst 
to  immerse  the  nrticle  attached  to  the  battery  in  a  solution  of  cyanide 
of  copper  and  of  potassium,  in  order  to  cover  it  with  a  film  of  copper 
to  which  the  gold  may  adhere. 

Even  without  a  battery,  gold  can  be  deposited  upon  silver  or  copper 
by  placing  either  of  these  metals  in  ahot  solution  of  the  double  cyanide 
of  gold  and  potassium.  Copper  trinkets  are  also  sometimes  gilt  by 
boiling  them  in  a  liquor  prepared  hy  mixing  a  solution  of  chloride  of 
gold  with  a  solution  of  an  alkaline  carbonate. 

In  general,  the  compounds  of  ^old  have  but  few  properties  which 
are  of  chemical  interest.  What  has  been  said  of  the  permanence  ot 
the  metal  implies,  of  course,  that  it  is  a  weak  chemical  agent,  havino' 
but  little  affinity  for  other  substances. 

700.  Alloys  of  Gold. — Gold  nnitcs  with  most  of  the  other 
metals ;  but  its  most  important  alloys  ai  e  those  of  copper,  silver, 
and  mercury.  Pure  gold  is  so  soft  that  articles  of  jewelry  made 
of  it  -would  quietly  wear  out  if  used ,  such  articles,  aa  well  aa 
coins  and  watches,  are  therefore  always  made  of  gold  which  tafl 
been  alloyed  with  copper,  in  order  to  mcreaae  iti  hardness.  The 
standard  alloy  for  coin  in  this  countiy  and  in  France  18  nine 
parts  by  weight  of  gold  to  one  part  of  copper  ;  in  England  it  ia 
eleven  parts  of  gold  to  one  of  copper.  These  alloys,  as  well  as 
the  alloys  of  silver  and  gold,  are  more  fusible  than  pure  gold,  but 
less  ductUe.  Native  gold  is  an  alloy  of  gold  and  silver,  the  pro- 
portion of  the  latter  metal  varying  from  0-2  to  62  per  cent. 
Amalgams  of  gold  play  an  important  part  in  the  metallurgy  of 
gold  (§  695),  and  in  the  process  of  Are  gilding  above  described. 

PLATINPM. 

701.  Platinum  is  a  metal  which,  like  gold,  has  little  affinity 
for  the  other  chemical  elements.  It  is  commonly  found  in  the 
native  state,  alloyed  with  gold  and  with  other  metals.  Like  gold, 
it  is  obtained  by  washing  away  the  earth  and  sand  with  which  it 
ia  found  mixed.  It  is  a  very  heavy  metal,  the  specific  gravity  of 
east  platinum  being  21-15.  Its  atomic  weight  is  197-4.  The 
color  of  platinum  is  intermediate  between  the  white  of  silver  and 
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the  gray  of  steel;  itslastreis  farless  bi-illiant  than  tliat  of  silver. 
It  is  aa  soft  as  copper,  very  malleable  and  very  tenacious  ;  it  may 
be  drawa  into  wire  so  fino  that  its  diameter  is  only  -j-^'irti  "^  * 
millimetre.  It  is  not  fusible  in  ordinary  furnaces,  hut  may  be 
fused  in  the  blowpipe-flame  (Exps.  26,  ^03),  and  is  nowadays 
melted  in  considerable  quantities  in  lime  crucibloa  by  means  of  a 
blowpipe-flame  obtained  from  common  coal-gas  and  oxygen.  At 
very  high  temperatures  it  maybe  volatilized.  Like  wrought  iron, 
platinum  admits  of  being  forged  and  welded  at  temperatures  far 
below  its  melting-point.  When  heated,  it  expands  less  than  any 
other  metal,  and  is  hence  well  adapted  for  the  constrnction  of 
apparatus  in  which  metal  and  gla^  must  be  fused  together.  It 
conducts  heat  and  electricity  much  less  readily  than  gold,  silver, 
or  copper,  standing  in  this  respect  not  far  from  iron. 

702.  Platinum  does  not  oxidize  in  the  air  at  any  temperature, 
nor  is  it  attacked  by  any  of  the  common  acids  taken  separately; 
in  aqua  regia  (§  104)  it  dissolves  slowly — much  less  readily  than 
gold.  Chlorine -water  dissolves  it,  hut  neither  bromine  nor  iodine 
has  any  action  upon  it.  When  heated  to  redness  in  the  air,  in 
contact  with  the  fixed  caustic  alkalies  or  alkaline  earths,  it  is 
slowly  corroded,  in  consequence  of  the  formation  of  an  oxide 
which  unites  witli  the  alkali.  Phosphorus  and  arsenic  unite 
readUy  witti  hot  finely  divided  platinum,  forming  very  fusible 
compounds ;  sulphur  also  combines  with  it,  though  far  less  readily. 
At  high  temperatures,  platinum  is  easily  acted  upon  by  silicon 
(compare  §  463).  A  platinum  crucible  should  consequently 
never  be  placed  in  direct  contact  with  a  hot  mixture  of  a  carbon 
compoond  and  silicic  acid.  If  the  crucible  is  to  be  heated  in  a 
coal  fire,  it  should  first  be  placed  in  an  earthen  crucible  lined 
with  some  infusible  earth,  such  as  magnesia. 

With  most  of  the  other  metala  platinum  unites  readily,  form- 
ing alloys  which  in  many  instances  are  more  fusible  than  pla- 
tinum itself;  hence,  in  using  platinum  vessels  in  chemical  ex- 
periments, care  must  he  taken  not  to  touch  the  platinum  while 
hot  with  easily  fusible  metals,  or  to  place  in  the  hot  vessels  any 
reducible  compound  of  a  metal.  Most  of  the  alloys  of  platinum 
are  not  only  fusible,  but  thoy  are  also  soluble  in  acids.  Platinum 
which  has  been  slloyed  with  10  or  12  times  its  weight  of  silver, 


sd  by  Google 


CHtOBITES  OF 

for  example,  ia  as  completely  soluble  in  nitric  acid  ns  the  Hilver 
itself. 

From  its  compjr^tive  inertness  as  a  chemical  agent,  taken  in 
connexion  with  its  mfnaibUity,  platinum  is  an  extremely  useful 
metal  to  the  chemist  It  is  employed  in  the  scientific  laboratory 
for  eruoibles  evaporiting  dishes,  stills,  tubes,  spatute,  forceps, 
wire,  blowpipe  tips  ind  the  like ,  ind,  in  the  manufacture  of  oil 
of  vitriol,  large  jiatinum  stills,  together  with  cooling- siphons  of 
the  same  mtcal  aie  employed  in  the  process  of  concentrating  the 

703.  A  remarkuble  property  of  platinum,  of  inducing  various 
gases  to  combine  chemically  one  with  the  other,  has  already  been 
repeatedly  alluded  to  and  illustrated  (§§  224,  240,  387).  This 
power  of  causing  combination  is  possessed  even  by  clean  surfaces 
of  the  ordinary  solid  metal,  though  to  a  much  greater  degree  by 
spongy  platinum  (Exp.  364),  and  still  more  by  the  very  finely 
divided  powder  known  as  platinum  black  (§  706). 

Platinum  forms  two  series  of  compounds,  corresponding  respec- 
tively to  the  protoxide  PtO  and  to  the  binoxide  PtOj.  Its  chlo- 
rides are  well-defined  compounds ;  but  with  the  oxygen  aeids  it 
forms  comparatively  few  salts,  and  none  of  these  are  at  present 
of  much  importance, 

704.  Protochloride  of  Platinum  (PtCl^)  is  a  compound  insoluble 
in  water,  obtained  by  carefully  heating  the  bichloride  to  230°  upon 
an  oil-bath.  It  dissolves  in  alkaline  lyea,  and  the  solution  thus 
obtained  may  be  used  for  making  platinum  black  (§  706).  At  a 
red  heat  chloride  of  platinum  is  completely  decomposed  to  metallic 
platinum  and  chlorine.  With  the  other  metallic  chlorides  pro- 
lofJiloride  of  platinum  unites,  to  form  compounds  known  as  chlo- 
roplatinites;  the  general  formula  of  these  compounds  is  2iICl,PtCL. 

705.  BieUoride  of  Platinum  (PtClJ  is  the  platinum  compound 
most  commonly  employed  in  the  laboratory.  It  is  a  deliquescent 
substance,  readily  soluble  in  water,  alcohol,  and  ether;  the 
aqueous  solution  is  of  a  reddish-brown  color.  When  heated  to 
230°,  or  thereabouts,  the  salt  loses  half  its  ohlorine,  as  has  been 
already  stated.  The  aqueous  solution  of  bichloride  of  platinum 
is  much  used  as  a  test  for  potassium  and  ammonium,  and  for  pre- 
paring certain  organic  compounds  suitable  for  analysis. 
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£irii.  361.— Cut  half  a  gramme,  or  more,  of  worn-out  p'iiliiram  fiiil 
or  wire  ioto  small  fragments,  niid  boil  them  with  a  teaspoonful  of  aqua 
Tegia  SCI  long  as  the  metal  appears  to  be  acted  upon,  then  decant  the 
liquid  into  a  porcelain  dish,  add  to  the  fragmenfs  of  platinum  anotbet 
teaspoonful  of  aqua  repa,  and  proceed  as  before,  repeating  the  treat- 
menta  until  all  the  metal  has  dissolved.  Bj  the  repeated  action 
of  successive  small  portions  of  the  solvent,  platinum  and  other  eom- 
paiatively  speaking  ineoluhle  substances  can  be  dissolved  much  more 
readily  than  if  all  the  liquid  necessary  for  its  solution  -were  added  at 
once.  Evaporate  the  solution  to  dryness  upon  a  water-lath,  take  up 
the  residue  with  water,  and  preserve  the  solution  in  a  bottle  provided 
with  a  glass  stopper. 

Exp.  362. — Pour  n  teaspoonful  of  a  solution  of  chloride  of  potassium, 
or  of  almost  any  other  salt  of  potassium,  into  a  test-tube,  acidulate 
the  liquid  with  cblorhydric  acid,  and  add  to  it  a  drop  of  the  solution 
of  bichloride  of  platinum  obtained  in  the  preceding  experiment.  A 
yellow,  insoluble  powder  will  soon  be  precipitated.  It  is  a  double 
chloride  of  potassium  and  platinum,  and  its  formula  may  be  written 
2KCl,PtCl<.  This  test  serves  to  distinguish  potassium  from  sodium, 
and,  if  need  be,  to  separate  potassium  from  solutions  in  which  it  is 
mixed  with  sodium ;  for  the  double  chloride  produced  with  chloride  of 
sodium  and  bichloride  of  platinum  is  easily  soluble  in  water. 

Mcp.  363.— Repeat  Eip.  362,  but  substitute  chloride  of  ammonium 
for  the  chloride  of  potassium.  A  yellow  precipitate,  similar  to  that 
obtained  in  Exp.  362,  will  separate  immediately,  or,  if  the  solutions 
employed  are  dilute,  after  a  short  time.  The  composition  of  this  pre- 
cipitate may  be  represented  by  the  formula  2NH,Cl,Pt01,.  Again 
repeat  the  experiment,  and  this  time  take  enough  of  the  platinum 
solution  and  of  the  chloride  of  ammonium  to  make  half  a  teaspoonful 
of  the  yelhjw  precipitate,  taking  care  that  at  last  there  shall  be  a  slight 
excess  of  free  chloride  of  ammonium  rather  than  of  chloride  of  plati- 
num in  the  supernatant  liquid.  Allow  the  precipitate  to  settle,  sepa- 
rate it  from  the  clear  liquid  hy  decantation,  and  dry  it  parl^iallj  at  a 
gentle  heat.  When  the  precipitate  has  acquired  the  consistence  of 
slightly  moistened  earth,  transfer  it  t«  a  cup-shaped  piece  of  platinum 
foO,  and  heat  it  to  redness  in  the  gas-flame,  as  long  as  fumes  of  chlo- 
ride of  ammonium  continue  to  escape.  All  the  chlorine,  hydrogen, 
Mid  nitrogen  will  be  driven  off,  and  there  will  remain  upon  the  foil  « 
gray,  looselj  coherent,  sponge-like  mass  of  metallic  platinum ;  it  is 
called  platimaa  y)mffe. 

Exp.  364.— Hold  the  dry  platinum  sponge  of  Exp.  363  in  a  stream 
of  hydrogen  or  of  common  illuminating  gas  issuing  from  a  tine  jet. 
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The  metal  will  soon  begin  to  glow,  and  in  a  moment  will  become  hot 
enough  to  inflame  the  mixture  of  air  and  gas  in  contact  with  it.  Ba- 
fore  friction-matches  were  employed,  thia  property  of  spongy  platinum, 
of  inflaming  hydrogen,  was  sometimes  made  use  of  for  stritiog  a  light 
The  mode  of  action  of  the  platinum  in  this  experiment  is  obscure ;  it 
has  already  been  alluded  to  in  5  387. 

From  platinum  sponge,  solid  articles  of  platinum  may  be  manufac- 
tured by  compreaaion.  If  thespongyplatinumbe  first  rubbed  to  pow- 
der under  water,  the  particles  of  metaj  of  which  it  is  composed  can  be 
readily  compacted  into  solid  bars  by  Eubjectiag  the  ^wder  to  powerful 
pressm'e  in  appropriate  moulds.  The  pressed  bar  is  then  heated  in- 
tensely in  a  coke-fire  with  strong  draught,  and  forged  by  strihing  it 
with  the  hammer  upon  its  ends — the  process  of  heating  and  foi^ng 
being  several  times  repeated,  until  the  bar  has  become  sufficiently  con- 
densed. The  metal  may  then  be  wrought  into  any  desired  shape  by 
healing  and  hammering,  in  the  same  way  as  any  other  malleable  metal. 
This  process  of  working  platinum  was  for  a  long  time  the  common 
method,  and  is  still  employed  to  a  certain  extent. 

706.  Hatinum  Black  is  a  term  applied  to  metallic  platinum 
even  more  finely  divided  than  the  sponge  above  described. 

By  dissolving  protochloride  of  platinum  in  hot  concentrated  pot- 
ash-lye. and  pouring  into  the  hot  liquor  alcohol,  by  small  successive 
portions,  platinum  will  be  thrown  down  as  a  black  powder  looking 
like  soot.  The  powder  should  be  freed  from  the  supernatant  liquor  by 
decantation,  and  then  boiled  successively  with  alcohol,  chlorhydric 
acid,  potash-lye,  and  water,  in  order  to  free  it  from  all  impurities. 

A  capacious  vessel  must  be  chosen  for  the  reaction  of  the  alcohol 
upon  the  alkaline  solution  of  chloride  of  platinum ;  for  much  carboCuc 
acid  is  generated  while  the  components  of  the  alcohol  are  reducing 
the  solution  of  platinum,  so  that  lively  effervescence  occurs,  Platinum 
black  is  capable  not  only  of  absorbing  and  storing  up  many  times  its 
own  bulk  of  oxygen  gas ;  it  is  also  capable  of  giving  away  this  oxygen 
to  many  other  substances.  If  easily  oxidjzable  liquids,  such  as  alcohol 
or  ether,  are  dropped  upon  platinum  black  which  has  previously  been 
exposed  to  the  air,  the  liquids  vrill  be  oxidized  and  converted  into  new 
substances,  while  the  powder  becomes  red-hot  from  the  heat  evolved 
during  the  act  of  oxidation. 

707.  Besides  forming  with  the  chlorides  of  potassium  and  am- 
monium the  insoluble  compounds  above  described,  bichloride  of 
platinum  unites  with  many  other  chlorides,  both  of  metals  and  of 
organic  radicals,  to  form  nnalogous  salts  of  the  general  formula 
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2itCl,PtClj,  or  MCL^PtCl,.  Tiieee  compounds  are  commonly 
called  eUoropktinates ;  by  meana  of  ttem  the  composition  and 
eombiring  weights  of  many  organic  compounds  have  been  deter- 
mined. It  is  onJy  necessary  to  ignite  a  weighed  portion  of  the 
chloroplatinate,  and  to  weigh  the  residue  of  pure  platinum  which 
is  left  after  the  organic  matter  has  all  been  driven  off,  in  order 
to  ascertain  how  much  platinum  ia  contained  in  the  compound. 
This  fact  having  been  determined,  the  quantity  of  the  organic 
radical,  or  rather  of  the  chloride  of  the  radical,  which  was  com- 
bined with  the  chloride  of  platinum  in  the  chloroplatinate,  may 
be  readily  calculated. 

708.  With  gold  and  platinum  are  classed  several  rare  metals 
which  are  never  found  except  in  association  with  platinum,  and 
which  closely  resemble  that  metal.  They  are  commonly  called 
platinum  metals,  and  the  group  may  be  appropriately  termed  the 
platinum  group.  The  whole  group  consists  of  Ehodium  (etoraic 
weight  =104),  Ruthenium  (104),  Palladium(106-5),Gold  (196'7), 
Platinum  (197-4),  Iridium  (198),  and  Osmium  (199).  Palladium 
is  used  to  impart  to  brass  gas-fixtures  a  peculiar  reddish  tint, 
sometimes  called  aalmou-bronze.  Iridium  is  used  for  the  very 
hard  tips  of  gold  pens.  Osmium  forms,  among  other  oxides,  a 
volatile  compound  OsO^,  whose  vapors  are  intensely  poisonous. 
The  metals  of  this  group  are  noble  metals ;  they  withstand  the 
action  of  the  atmosphere ;  none  of  them  are  acted  upon  by  nitric 
acid,  though  they  dissolve  in  chlorine  and  in  aqua  regia.  Their 
oxides  part  with  all  their  oxjgen.  when  sinjply  heated,  leaving 
the  metal  behind. 
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709.  An  alphabetical  list  of  the  sixty-five  recognized  elements, 
with  their  symbols  and  atomic  weights,  is  here  given  for  convenience 
of  reference.  The  names  of  those  elements  which  are  so  rare  aB 
to  be  at  present  of  little  importance  are  printed  in  itaUes : 


AUiminnm 

Antimony 

.     AI  .    27-4 
.    Sb  .  1S2 

Mercmy     .        .    Hg  .  200 

.    As  .    75 

Nickel 

.    Ni  .    fi8-8 

Barium 

■    .    Ba  .  13? 

Nitrogen 

.    N    .    14 

Eiamuth 

.    Bi  .210 

NoHum 

.    No  .      P 

Boron 

.    Bo  .    11 

Osmium 

.    Os  .  199 

Bromine 

.     Br   .    80 

f£Z„ 

.    0    .    16 

Cadmium 

.     Cd  .  112 

.    Pd  .  106-S 

C'mium 

.     Cs   .  133 

Pliosphoru 

.    P    .    31 

Calcium 

.    Ca  .    40 

Platinum 

,    Pt  .  197-4 

Carbon 

.    C    .    12 

Potassium 

.    K    .    39-1 

a^rmm 

.    Ce  .    92 

Rhodium 

.    Eh.  104 

Chlorine 

.    CI  .    35-6 

Ruhidhim 

.    Rb  .    85-7 

Chvominm 

.     Or   .    52-5 

Ruthenium 

.    Eu  .  i04 

Cobalt 

.     Co  .    68-8 

Selenium 

.    Se  .    79'5 

Columhium 

(MV 

Silicon 

.    Si    .    28 

btum) 

.    Nb  .    94 

Silver 

.    Ac  .  108 
.    Na  .    23 

S&™ 

.    Cq  .    tt3'4 

Sodium 

.    D    .    05 

Straniiiim 

.    Sr       87-6 

Hrhmm 

.    E    .112-6 

Sulphur 

.    S     .    32 

Fluorine 

.    Fl    .    19 

Tantalum 

.    Ta  .  183 

Gludrmm 

.    Gl  .    14 

TeUuiium 

.     Te   .  128 

Gold  . 

.    Au  .  190 

Tmbium 

.    Tb  .      P 

Hydrogen 

.    H    .      1 

Thallium 

.    11    .  204 

Indmm 

.    In   .   72 

.    Tb  .  231-6  (P) 
.    Sn  . 118 

iodine 

.1     .127 

Tin     . 

Iridium 

.    Ir    .  198 

Ttianium 

.    Ti   .    50 

bon    . 

.     Fe   .    66 

Tmiffstm 

.    W  .184 

Lanthanum 

.    La  .    92'8 

Umi.ium 

.    Ur  .  120 

Lead. 

.    Pb  .  207 

Vanadium 

.    V    .  51-3 

tUkium 

.    Li   .      7 

Yttrium 

.    Yt  .  61-6 

Magnesium 

.    Hg.    24 

Zinc    . 

.    Zn  .    65 

Manganese 

.    Mn.    56 

Zircotdum 

.    Zr  .    67-2 
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710.  In  the  following  taHe  the  elementB  are  arranged  in  what 
are  beliered  to  be  natural  groups.  Without  accepting  any  one  in- 
fallible criterion  of  classification,  or  ineisting  upon  any  systematic 
arrangement  of  the  elements  in  groups  with  that  atrenuousness 
which  ia  apt  to  make  classification  rather  a  hindrance  than  a  help, 
the  student  may  provisionally  use  this  auhdivision  of  the  elements 
into  groups  as  a  help  in  remembering  facts,  as  a  guide  to  the 
prompt  recognition  of  general  properties  and  general  laws,  and  as 
a  suggestive  compend  of  his  whole  chemical  knowledge : — 


Chlor 


Sulphur  . 
Selenium 
TflUmium 

Nitrog-en 
Phosplioriia 
Arsenic    . 


Carbon 
Silicon 


Sodium  . 
PotasfiuQ 
Eubidiun: 
Silver      , 


Calcium  . 
Strontium 
Barium    . 

Magnesium 
Cadmiam 


.        .       .      19 

Gluciiiiim 

.        .        .      35-5 

Alum  ilium 

.        .        .      80 

Chromium 

.        .        .    127 

.       .        .      16 

Cobalt 

.        .        .      32 

Nickel 

.        .       .      79-5 

Yttrium      , 

.        .        .    128 

Erbium 

Terbium      . 

.        .        .      14 

Zirconium  . 

.      31 

Norium 

.      75 

Cerium 

.       .        .    123 

Lanthanum 

•       .        .    210 

Didvmium  . 
Uraiium     . 
Thorium     . 

.        .        .      12 

,        .        .      11 

Copper 

.       .        .        1 

.       .        .        7 

Mercuiy      . 

Titanium    . 

.        .       .      S-'i 

Columbium 

.      89-1 

Tin     . 

.        .       .      85-7 

Tantalum   . 

.        .       .    108 

.       ,       .    133 

Molybdenum 

.       .        .    204 

Vanadium  . 

Tungsten    . 

.        .       .      40 

.       .        .      87-5 

Ehodium    . 

.       .        .    137 

Ruthenium 

.       .        .    207 

Palladium  . 

Gold   . 

.       .        .      24 

Platinum    , 

.       .        .      65 

Iridium       . 

.       .       .    112 

Osmium      . 
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711.  Atomic  Heati  of  the  Sfement*,— The  power  of  heat  to 
caose  changes  of  temperature  is  not  the  same  for  any  two  siib- 
Btaaces,  hut  varies  with  the  nature  of  the  substance  submitted 
to  its  action.  Each  chemical  element  is  peculiarly  affected  in 
thia  respeet  by  heat.  The  quantity  of  heat  needed  to  raise  the 
temperature  of  a  certain  weight  of  waterfromO"  to  1°  being  called 
imity,  the  quantity  of  heat  required  to  i-aise  the  temperature  of 
the  same  weight  of  any  element  by  the  same  amount  is  the  specific 
heat  of  that  clement  (§  31 ).  In  the  second  column  of  the  follow- 
ing table  will  be  found  the  speoitic  hoate  of  a  number  of  represen- 
tatire  elements,  selected  from  each  group  of  elements  except  the 
carbon  group,  and  arranged  in  the  order  of  their  atomic  weights. 
(Compare  §  710.) 

Name.       Speoifio  Heat.     Atomic  Weight,  Atomic  Heat. 
7  6-59 

27-6  5'89 

32  6'48 


G-IG 
6-35 

6-87 


Lithium  . . 

0-94080 

■2UTO 

Sulphmr   .. 

■20250 

Iron 

■11380 

Copper.... 

■09.>15 

Arsenic    . . 

■08140 

Silver  .... 

■05701 

Cadmium 

■05609 

Tin   

■0-i(523 

Iodine  .... 

■0.i412 

Tungsten . . 

■03342 

Gold 

■03244 

Leftd    .... 

■03140 

Bismuth  . . 

■03084 

The  preceding  table  contains  only  solid  substances.  It  has  been 
found  that  the  specific  heat  of  the  same  body  is  commonly  greater 
in  the  liquid  than  in  the  solid  state,  and  always  less  in  the  gaseous 
than  in  the  liquid  state.  Accordingly  in  instituting  any  compa- 
rison between  different  bodies,  based  on  their  specific  heats,  it  is 
essential  to  compare  them  in  the  same  physical  condition,  solids 
with  solids,  liquids  with  liquids,  giisea  with  gases.  The  second 
column  of  the  following  table  contains  the  specific  heats  of  the 
four  elements  which  are  gaseous  at  the  ordinary  atmospheric 
temperature  and  pressure. 
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Name.       ^ecific  HeaL  Atomic  Weight.  Atomic  Heat. 
Hydrogen..       34090                     1  3-4090 

Nitrogen  .,       0-2438  14  S-4132 

Oxygen. . . .        -2175  16  3-4800 

Cblorine  ..        -ISIO  S5-5  4-2&W 

On  comparing  together  the  numbers  in  the  second  and  (hird 
cohtmns  of  the  preceding  tables,  it  will  be  noLioed  that  the  lower 
the  atomic  weight  of  an  element  is,  the  higher  is  ita  specific  heat, 
and  vice  versa.  In  the  fourth  eolTiran  of  the  tables,  under  the 
name  of  atomic  heat,  will  bo  found  the  product  of  the  specific  heat 
by  the  atomic  weight  of  each  element.  The  atomic  heats  of  the 
elements  represent  the  quantities  of  boat  which  are  retjuired  to 
cause  equal  alterations  of  temperature  in  atomic  proportions  of  the 
Boveral  elements.  But  the  tables  show  that  these  quantities  of 
heat  are  nearly  the  same  for  each  and  all  of  the  solid  elements 
compared  in  the  first  table,  and  are  again  approximately  equal 
for  the  gaseous  elements  which  are  grouped  in  the  second  table. 

This  striking  principle  is  deducible  from  the  foregoing  consi- 
derations— namely,  that  while  the  capacities  for  heat  of  the  same 
weights  of  the  various  elements  are  very  different,  the  capacities 
for  heat  of  the  atoms,  or  atomic  proportions,  of  the  elements  ai-e 
nearly  identical,  provided  that  the  elements  compared  be  in  the 
same  physical  condition.  In  other  words,  those  weights  of  the 
elements  which  are  assumed  to  represent  the  relative  weights  of 
their  atoms  require  approximately  the  same  amount  of  heat  to  raiso 
them  through  an  equal  number  of  degrees  of  temperature ;  while 
the  amounts  of  heat  required  to  raise  eqxial  weights  of  the  elements 
through  an  equal  number  of  degrees  are  expressed  by  very  diffe- 
rent numbers  {the  specific  heats).  It  is  essential,  however,  that 
the  elements  compared  should  be  in  the  same  physical  condition. 

Tt  is  true  that  the  numbers  representing  the  atomic  heate  show 
considerable  discrepancies ;  but  when  it  is  remembered  that  there 
are  unavoidable  errors  attaching  to  the  determinations  both  of  the 
specific  heats  and  of  the  atomic  weights,  that  many  of  the  ele- 
ments cannot  yet  be  obtained  in  a  condition  of  purity,  and  that 
the  two  factors  of  the  product  (specific  heat  and  atomic  weight) 
vary  in  the  proportion  of  1  to  30,  it  will  bo  seen  that  the  ac- 
cordance is  distinct  enough  to  indicate  the  existence  of  a  general 
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law.     The  atomic  heats  of  carbon,  boron,  and  silicon,  boweyer,  do 
not  conform  to  this  law. 

712.  Aiomie  Meats  of  Compounds. — The  same  kind  of  relation 
between  the  specific  heat  and  tbe  molecular  weight  obtains  within 
certain  classes  of  compound  bodies  of  like  constitution.  Only 
those  compounds  wbiclibavean  analogous  atomic  oonatitution  can 
possess  approximately  tbe  same  molecular  heat ;  and  there  are 
many  admitted  exceptions  even  to  this  rule.  The  following  table 
contains  the  specific  and  atomic  heats  of  a  number  of  inorganic 
compounds,  arranged  in  groups  according  to  their  chemical  com- 
position. 

T.         ,  Specific         Molecidar      Atonaa 

Form,da.  ^^  j^^,^^(_  ^^.^_ 

1.  OxinES  MO, 

PbO    00.^089  223  11-33 

HgO    -05179  216  1119 

OuO -14201             79-5  11-19 

ZnO -12480               81  1011 

2.  M,0,. 

Fe^O, -16695  IGO  26'71 

CrjO, -17960  Ifi3  27-47 

BjjO, -OeO-S  468  28'S3 

Sb^O, -09009  292  26-31 

S.  Ohlobides  MCI. 

NaOl 0-21401             58'5  12-o2 

ECl     -17295             74-5  12-88 

HgCl -05205  235-5  1226 

CuCl  -18827             99  13-69 

4,  MCls. 

MgClj -194G0  95  18-49 

ZnOl; -13618  136  18'52 

PbClj -06641  '    278  18-46 

MnClj -14255  126  17-9G 

SnClj -10161  189  1920 

5.  MClj. 

SnCl, -14759  260  38-37 

TiClj  -10145  102  86-76 


sd  by  Google 


602  TALUB  ot  sPECiprc  heats, 

_         ,  Sped/ic         Molecular       Atomic 

Formula.  ^J^^  Wei'jht.  Seat. 

6.  Sulphides  MS. 

FeS 0'18570  88  11-94 

NiS -12813  907  11-62 

CoS -12512             007  11-30 

SnS -08375  160  12-56 

7.  MS,. 

FeSj    -13009  120  15  61 

SnSj    -11932  182  2172 

MoSj -12^34  160  1973 

SbjS, -08403  340  28-57 

BijS,  -06002  516  SO-97 

9.  Oabbonaies  MjOO,. 

K,CO, 0-21623  138  29-84 

NsjCO,  -27275  100  28-01 

la  MOO,. 

BaCO,    -11038  197  21-74 

SrCOj -14483  147-6  21-38 

FeCOj    -19345  116  23-44 

11.  StTLPHATES  Mn'^Oi. 

KjSO, 0-19010  174  83-03 

NujSO, -23115  142  82-82 

12.  MSO4. 

OnSO. -19056  136  26-73 

MgSO^    -22159  120  26-59 

PbSO* -08728  303  26-48 

Tkere  are  considerable  departures  from  equality  in  the  atomic 
heats  of  the  bodies  of  eimilar  constitution  grouped  in  the  above 
table ;  but  when  it  is  observed  that  the  two  factors  of  the  product 
are  very  wide  apart,  the  close  eoiiicidence  in  most  cases  will  seem 
much  more  noteworthy  than  the  occasional  discrepancies. 

713.  Value  of  Specific  Heats. — The  deteiinination  of  the  spe- 
cific heat  of  a  substance  is  a  ditficult  experiment  in  Physics.  It 
is  obvious  that,  if  the  laws  concerning  atomic  heat  which  have 
been  above  iUastratiMl  were  invariablo  and  certain,  the  physicist 
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would  determine  for  the  chemist  the  atomic  weights  of  the  ele- 
ments in  experi  men  tally  fixing  their  specifio  heats;  he  would 
also  indicate  the  true  classification  of  chemical  compounds  hy 
determining  the  specdfic  heats  of  these  compounds.  To  ohtain 
the  atomic  weight  of  any  element,  it  would  Biiffice  to  divide  the 
atomic  heat  common  to  all  the  elements  in  the  same  physical  state 
hy  the  specific  heat  of  that  element.  To  determine  the  class  of  com- 
pounds to  which  a  given  compound  belonged,  it  would  be  sufB- 
oient  to  know  its  atomic  heat.  A  given  carbonate,  for  example, 
would  belong  to  the  class  M^CO,  or  to  the  dass  MCO,,  according 
as  its  atomic  heat  were  about  29  or  about  22. 

Although  the  principle  of  the  equality  of  the  atomic  heats  of 
the  elements  and  of  compounds  of  like  constitution  is  not  esta- 
hhshed  with  that  certainty  which  would  give  to  the  experimental 
determination  of  the  specific  heat  the  conclusive  weight  just  in- 
dicated, yet  this  equality  certainly  affords  a  very  strong  pre- 
sumption in  fayor  of  the  correctness  of  the  atomic  weights  of  the 
elements  contained  in  the  above  tables,  and  of  the  molecular 
formulfe  on  which  the  classificatdon  of  compounds  in  the  third 
table  is  based. 

714.  Two  Sets  of  Atomic  Weights  in  t«e.— The  student  will 
find  in  many  books  on  chemistry  weights,  other  than  those  used 
in  this  manual,  assigned  to  the  majority  of  the  elements,  and 
variously  called  combining,  equivalent,  or  atomic  weights.  To 
all  the  elements,  except  those  of  the  chlorine,  nitrogen,  and 
alkali  groups,  and  the  elements  boron  and  gold,  are  assigned 
we^hts  which  are  respectively  the  halves  of  the  numbers  given 
in  §§  709,  710.  The  weight  assigned  to  sulphur,  for  example, 
is  16,  to  lead  103-5,  to  cadmium  56,  to  iron  28,  to  copper  31'7, 
to  tin  59,  to  oxygen  8,  and  so  forth.  If  these  smaller  numbers 
were  accepted  as  the  true  atomic  weights  of  the  elements  to 
which  they  are  respectively  assigned,  it  is  obTious  that  the  rela- 
tion of  equality  between  the  atomic  heats  of  all  elements  in  the 
same  physical  state,  presented  in  the  tables  of  §  711 ,  would  disap- 
pear; furthermore,  many  of  the  relations  indicated  in  the  table 
of  4  712  would  he  no  longer  visible.  The  atomic  heats  of  the 
solid  elements  would  he  di\isible  into  two  classes,  in  one  of 
which  the  atomic  heat  would  be  about  double  what  it  was  in  the 
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other.  If  the  atomic  weight  of  lead  were  103  5,  the  formula  of 
the  white  chloride  of  lead  (§  581)  wuild  be  PbCl,  aralogous  to 
NaCi,  and  there  would  he  no  clear  reason  whi  its  itomic  heat 
should  not  be  that  of  tie  chlorides  of  the  formula  MCI,  namely, 
about  12-5 ;  but  ita  atomic  heat  would  he  only  9  2d  If  the 
atomic  weight  of  iron  were  28,  that  of  potiasium  being  39  1, 
there  would  be  no  assignable  reison  for  the  raaikel  difference 
between  the  al«mic  heata  of  the  two  carbonites,  the  fjiraule  ot 
the  carbonates  of  iron  and  of  potassium  would  he  alike— either 
both  It^CO,  or  both  MCO,. 

Another  con'sequence  of  using  the  smaller  atomic  weights  must 
not  pass  unnoticed  If  the  atomic  weight  of  osjgen  ii  8  and  of 
sulphur  16,  the  coincidtnce  of  the  atomic  weight  <ind  the  unit- 
volume  weight  of  those  eight  elements  for  whi  h  this  equahty 
has  been  affirmed  (§  259)  ceases  to  be  true ,  and  the  simple  rule 
that  the  molecule  of  every  compound  gas  or  vapor  occupies  a 
volume  twice  as  laige  as  the  combining  volume  of  hydrogen, 
oxygen,  chlorine,  and  so  forth,  wOl  lose  the  umveraabty  which 
conttihitea  its  chief  value 

The  student  wiU  remember  that  the  determination  of  the  least 
combining  proportion  bj  weight  of  any  element  which  cannot  be 
converted  into  vapor  is  nut  a  matter  of  direct  experiment  simply 
(§§  395,  603).  The  natural  analogies  of  the  element  and  its 
compounds,  the  greater  or  less  simplicity  of  the  formulie  which 
result  from  one  assumption  or  another,  the  indications  of  isomor- 
phism, and  of  atomic  heat,  have  all  to  be  consulted.  That  the 
best  guides  have  thus  far  failed  to  lead  to  an  unquestionable 
determination  of  the  real  Imst  combining  weights  (or  atomic 
weights)  of  the  majority  of  the  elements,  may  be  inferred  from 
the  diversities  of  usage  on  this  subject  in  chemical  literature. 
In  order  to  indicate  that  they  mean  the  atomic  weights  which 
have  been  given  in  this  manual,  many  chemists  write  the  sym- 
bols of  those  elements  for  which  two  different  weights  are  in  use 
with  a  line  drawn  through  them,  thus  0,  S,  Ee,  Pb.  This  prac- 
tice is  almost  essential  in  periodical  publications  to  which  writers 
of  different  theoretical  views  contribute. 

715.  In  the  midst  of  the  doubts  and  discussions  which  to-day 
envelope  chemical  theories,  the  student  will  do  well  to  remember 
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that  all  these  questions  lie  without  tho  sphere  of  fact.  They  do 
ttot  affect  the  actual  composition  or  properties  of  a  single  element 
or  compound;  they  are  questions  of  interpretatiou,  classificatLon, 
and  definition.  The  existence  of  atoms  is  itself  an  hypothesis, 
and  not  a  probahle  one ;  all  speeuktiona  hased  on  this  hypothesis, 
all  names  which  have  grown  up  witli  it,  all  ideas  which  would 
he  dead  without  it,  should  he  accepted  hy  the  student  provision- 
ally and  cautiously  as  being  matter  fcr  belief  but  not  iDr  know 
ledge  Alldogm  tic  asseihon  upon  such  points  is  to  ho  regarded 
■with  d  stru  t  The  great  majority  of  chemiots  devoted  to  the 
aj  phcata  ns  of  chemistry  in  mine  alogy  metallurgy  dyeing 
pr  nt  ng  and  the  manufacture  of  chemicals  remain  coroplttely 
md  ftere  it  to  d  a  ussions  of  ohemical  theones  Hence  the  st  id  nt 
■will  iind  that  m  technical  chemioal  Iiteratuie  the  olkr  uotation 
and  the  corresponding  smallei  atomic  weigh  s  arc  almost  in- 
vanahly  employed 

Theories  however  are  of  great  impo  tanee  to  the  ]  rogress  of 
the  science  <ind  to  tho  el  i  ordering  of  the  ground  aliead^  won 
It  IS  on  this  a  Dint  verv  m  oh  to  bewi'^hed  that  the  great 
attentioa  now  devoted  to  the  discu'«ion  of  the  best  methods  of 
represent  ng  svmbob  ally  the  constit  itjoa  of  chemical  substances 
and  the  changes  to  which  they  aic  subie  t  may  result  m  the 
ebb  rati  n  of  a  system  good  tnough  to  cummand  geneial  ac- 
cept auce 
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APPENDIX. 


CHEMICAL    MANIPULATION. 

1.  Olass  tubmff.—'Y'^o  ijualities  of  glass  tubing  are  ased  iu  chemical 
experiments — that  which  softens  readily  iu  the  flame  of  a,  gea  or  spirit- 
lamp,  and  that  ■which  fuses  with  extreme  difficulty  in  the  iiame  of  the 
blast-lamp.  These  two  qii.ilitieB  are  distinguished  by  the  t^^rms  sofi 
and  hard  glass.  Soft  glasj  is  to  be  prefeiTed  for  all  uses  except  the 
intense  heaticg,  or  ignition,  of  dry  substances.  Fig.  I.  represents  the 
most  conrenient  sizes  of  glass  tubing,  both  hard  and  soft,  and  shows 
■Ibo  ilie  propel  thickness  of  the  glass  walls  for  eacli  size. 


Fig.  I, 


3.  Cuttmff  and  cracking  glass. — Gla^a  tubing  and  glass  rod  must 
generally  be  cut  to  the  length  required  for  any  partii^idar  apparatus. 
A  sharp  triangular  file  is  used  for  this  purpose.  The  stick  of  tubing, 
or  red,  to  ba  eat  ia  laid  upon  a  table,  and  a  deep  scratch  is  made  with 
the  file  at  the  place  where  the  fracture  is  to  be  made.  The  stick  is 
then  grasped  with  the  two  hands,  one  on  each  side  of  the  mark,  while 
the  thumbs  are  brought  together  just  at  the  scratch.  By  pushing 
with  the  thumbs  and  pulling  iu  the  opposite  direction  with  the  fingeis, 
the  stick  is  broken  squarely  at  the  scratj^h,  just  as  a  stick  of  candy  or 
dry  twig  may  be  broken.  The  sharp  edges  of  the  fracture  should  in- 
variably be  made  smooth,  either  with  a  wet  file,  or  by  softening  the 
end  of  the  tube  or  rod  in  the  lamp.  (See  Appendix,  §  S.)  Tubes  or 
rods  of  sizes  four  to  eight  inclusive  may  readily  be  cut  in  this  manner; 
the  larger  sizes  aie  divided  with  more  difficulty,  and  it  is  often  neces- 
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saiy  to  malie  the  file-mdrk  both  long  and  deep.     An  even  fracture 
not  always  to  be  obtained  with  large  tubes.     Tiie  lower  ends  of  glf 
funnels,  and  those  ends  of  gas  delivery-tubes  which 
enter  the  bottle  or  flasltin  which  the  gas  is  generated,  ^^'    _ 

should  be  filed  off,  or  ground  off  on  a  grindstone,  ob- 
liquely (Fig.  II.),  to  facilitate  the  dropping  of  liquids 
irom  such  extremities. 

In  order  to  cut  glass  plates,  the  glazier's  diamond 
must  be  resorted  to.  For  the  cutting  of  extremely  thin 
glass  tubes  and  of  other  glass  ware,  like  flasks,  retorts,  and  bottles,  still 
other  means  are  resorted  to,  based  upon  the  sudden  and  unequal  ap- 
plication of  heat.  The  process  divides  itself  into  two  parts^the  pro- 
ducing of  a  crack  in  the  required  place,  and  the  subsequent  guiding  of 
this  crack  in  the  desired  direction.  To  produce  a  crack,  a  scratch 
must  be  made  with  the  tile,  and  to  this  scratch  a  pointed  bit  of  red- 
hot  charcoal,  or  the  jet  of  flame  produced  by  tlie  mouth  blowpipe,  or 
a  very  fine  gas-flame,  or  a  red-hot  glaas  rod  may  be  applied.  If  the 
heat  does  not  produce  a  crack,  a  wet  stick  or  file  may  be  touched  upon 
the  hot  spot.  Upon  any  part  of  a  glass  surface  except  the  ed,;re,  it  is 
not  possible  to  control  perfectly  the  direction  and  extent  of  this  first 
crack;  at  an  edge  a  small  crack  maybe  started  with  tolerable  certainty 
by  carrying  the  file-mark  entirelv  omr  the  edge.  To  guide  the  crack 
thus  started  apomted  bit  of  chaicoal  oi  tliw  match  may  be  used. 
The  hot  point  must  be  kept  on  the  glass  Irom  1  cm.  to  06  cm.  ia 
advance  of  the  point  ot  the  cratk  The  crack  will  follow  the  hot 
point,  and  may  therefore  be  corned  in  anv  desired  direction.  By 
turning  and  blowing  upon  (he  coal  or  ^low  match  the  point  may  be 
kept  oufBciently  hot  Whenever  the  place  of  experiment  is  supplied 
with  common  illuminating  gas  a  very  small  jet  of  burning  gas  may 
be  advantageously  substituted  fir  the  hot  coal  or  slow  match.  To 
ibtain  such  a  sharp  jet,  a  piece  of  hard  gliss  tube.  No.  6,  10  cm.  long, 
and  drawn  to  a  very  fine  point  (see  ippendit  §  3),  should  be  placed 
in  the  caoutchouc  tube  which  ordinarily  delivers  the  pas  to  the  gas# 
Jamp,  and  the  gas  rtould  be  lighted  at  the  fine  extremity.  The  burn- 
ing jet  should  have  a  fine  point,  and  should  not  exceed  1'5  cm.  in 
length.  By  a  judicious  use  of  these  simple  tools,  broken  tubes, 
beakers,  flasks,  retorts,  and  bottles  may  often  be  made  to  yield  very 
useful  articles  of  apparatus.  No  sharp  edges  should  be  allowed  to 
remain  upon  glass  apparatus.  The  durability  of  the  apparatus  itself, 
and  of  the  corks  and  caoutchouc  stoppers  and  tubing  used  with  it,  will 
he  much  greater,  if  all  sharp  edges  ai'e  removed  with  the  file  or,  sfjll 
better,  rounded  in  the  lamp. 
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S.  Sending  and  closing  glass  tuhe\  —Tubing  of  sizea  five  to  eight 
inclusive  can  generally  be  woikpd  in  the  common  gaa-  or  spirit-lamp; 
for  larger  tul)ea  the  bkat-lamp  is  necessary  (see  Appendix,  S  6). 
Gkiis  tubing  must  not  be  introduced  suddenly  info  the  hottest  part  of 
the  flame,  lest  it  crack.  Neither  should  a  hot  tube  be  taken  from  the 
flame  and  laid  at  once  upon  a  cold  surface.  Gradual  heating  and 
gradual  cooling  are  alike  necessary,  and  are  the  more  essential  the 
thicker  the  glass ;  very  thin  glass  will  sometimes  bear  the  most  sudden 
change?  of  temperature,  but  thick  glass  and  gla^s  of  uneven  thickness 
absolutely  require  slow  heating  and  annealing.  When  the  t^nd  of  a 
tube  IS  to  be  heated,  as  in  rounding  sharp  edges,  more  care  is  required, 
in  consequence  of  the  great  facility  with  which  cracks  Stai't  at  an  edge. 
A  tube  should  therefore  always  be  brought  first  into  the  eunent  of 
hot  air  beyond  the  aetuaJ  flame  of  the  gas  or  spirit-lamp,  and  there 
thoroughly  warmed  before  it  is  introduced  into  the  flame  itseE  If 
a  biftst-lamp  is  employed,  the  tube  may  be  warmed  in  the  smoky 
flame,  before  the  Mast  is  turned  on,  ajid  may  subsequently  bn  annealed 
in  the  same  mnnner ;  the  deposit<?d  soot  will  be  burnt  off  in  the  first 
instance,  and  in  the  last  may  be  wiped  off  when  the  tube  is  cold. 
In  healing  a  tube,  whether  for  bending,  drawing,  or  closing,  the  tube 
must  be  constaialy  turned  between  the  fingers,  and  also  moved  a  little 
to  the  right  and  left,  in  order  that  it  may  be  uniformly  heated  all 
round,  and  that  the  temperature  of  the  neighboring  parts  may  be  duly 
raised.  If  a  tube,  or  rod,  is  to  be  heated  at  any  part  but  an  end,  it 
should  be  held  between  the  thumb  and  first  two' fingers  of  each  hand 
in  such  a  manner  tliat  the  hands  shall  be  below  the  tube  or  rod,  with 
the  palms  upward,  while  the  lamp-flame  is  between  the  hands.  When 
the  end  of  a  tube  or  rod  is  to  be  heated,  it  is  best  to  begin  by  warming 
the  tubeorrodaboutSc.m.  from  the  end,  and  thence  to  proceed  slowly 
to  the  end. 

The  best  glass  will  not  be  blackened  or  discolored  duiing  beating. 
The  blackening  occurs  in  glass  which,  like  ordinary  flint  glass,  con- 
tains oside  of  lead  as  an  ingi'edient.  Glass  containing  much  of  this 
oxide  is  not  well  adapted  for  chemical  uses.  The  blackening  may 
sometimes  be  removed  by  putting  the  glass  in  the  upper  or  outer  part 
of  the  flame,  where  the  reducing  gaaes  are  consumed,  and  th»  air  has 
the  best  access  to  the  glass.  The  blackening  may  be  altogether  avoided 
by  always  keeping  the  glass  in  the  oxidizing  part  of  the  flame. 

Glass  begins  to  soften  and  bend  below  a  visible  red  heat.     The  con- 
dition of  the  glass  is  judged  of  as  much  by  the  fingers  as  the  eye ;  the 
hands  feel  tlie  yielding  of  the  glass,  either  to  bending,  pushing,  or 
puUing,  better  than  the  eye  can  a«B  tha  change  of  color  or  form.     It 
2k 
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may  be  bent  as  ?ood  as  it  y'lMs  in  the  hands,  but  caa  be  drawn  out 
only  when  much  hotter  than  this.  Glass  tubing,  however,  should  not 
be  bent  at  too  low  a  temperature  ;  the  curres  made  at  too  low  a  heat 
are  apt  to  be  flattened,  of  unequal  thiekneas  on  the  convex  and  concave 
sides,  and  brittle. 

In  bending'  tubing  to  make  gaa-deliTery-tubes  i»nd  the  lihe,  attention 
should  be  paid  to  the  following  points :  1st,  the  glass  should  be  equally 
hot  on  all  sides ;  2ad,  it  should  not  be  twisted,  pulled  ont,  or  pushed 
together  during  the  heating;  3rd,  the  bore  of  the  tube  at  the  bend 
should  be  liept  round,  and  nqt  altered  in  size;  4th,  if  two  or  more 
bends  be  made  in  the  same  piece  of  tubing  (Fig.  III.,  a),  they  should 
all  be  in  the  same  plane,  so  that  the  finished  tube  will  lie  flat  upon  the 
level  table. 

When  a  tube  or  rod  is  to  be  bent  or  drawn  p.     »™ 

close  to  its  extremity, « tempornry  handle  may 
be  attached  to  it  by  softening  the  end  of  the  j 
tube  or  rod,  and  pressing  ngainst  the  soft  glass  j^ 
a  fragment  of  glass  tube,  which  will  adhere 
strongly  to  the  softened  end.  The  handle  may 
subsequently  be  removed  by  a  slight  blow,  or  by  the  aid  of  a  file.  Xf  o 
considerable  bend  is  to  be  made,  so  that  the  angle  between  the  arms 
will  be  very  small  or  nothing,  as  in  a  siphon,  for  example,  the  curva- 
ture cannot  be  well  produced  at  one  place  in  the  tube,  but  shouhl  be 
made  by  heating,  pi-ogresaively,  several  centimetres  of  the  tube,  and 
bending  continuously  from  one  end  of  the  heated  portion  to  the  other 
(Fig.  in.,  6).  SmaU  and  thick  tube  may  be  bent  muie  shai'plj  than 
la^e  or  thin  tube. 

In  order  to  draw  a  glass  tube  down  to  a  finer  bore,  it  is  simply 
necessary  to  thoroughly  soften  on  all  sides  one  or  two  centimetres 
length  of  the  tube,  and  then,  taking  the  glass  from  the  flame,  pull  the 
parts  asunder  by  a  cautious  movement  of  the  hands.  The  larger  the 
heated  portion  of  glass,  the  longer  will  be  the  tube  thus  formed.  Its 
length  and  Kneness  also  increase  with  the  rapidity  of  motion  of  the 
hands.  If  it  is  desirable  that  the  finer  tube  should  have  thicker  walls 
in  proportion  to  its  bore  than  the  original  tube,  it  is  only  necessary  to 
keep  the  heated  porlion  soft  for  two  or  three  minutes  before  drawing 
out  the  tube,  pressing  the  parts  slightly  together  the  while.  By  this 
process  the  glass  will  be  thickened  at  the  hot  ring. 

To  obtain  a  tube  closed  at  one  end,  it  is  best  to  fake  a  piece  of 
tubing,  open  at  both  ends,  and  long  enough  to  make  two  dosed  tubes. 
In  the  middle  of  the  tube  a  ring  of  glass,  as  narrow  as  possible,  must  be 
made  thoroughly  soft.    The  hands  are  then  separated  a  little,  to  cause 
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a  contracfJon  in  diameter  at  the  hot  and  soft  part.  The  point  of  the 
flame  must  now  be  dirett"?!!,  not  upon  the  narrowest  part  of  the  tube, 
bnt  upon  what  is  to  be  the  bottom  of  the  closed  tube.  This  point  ia 
indicated  by  the  line  a  in  Fig.  IV.     By  with-  p.     jy 

drawing  the  right  hand,  the  narrow  part  of 
the  tube  39  attenuated,  and  finally  mehed  off,  - 
leaTing  both  halves  of  the  original  tuba  closed  " 
at  one  end,  but  not  of  the  same  form;  the 
right-hand  half  ia  drawn  out  into  a  long  point,  ■ 
the  other  is  more  roundly  closed.  It  i^  not  posgible  to  close  hand- 
Eomely  the  two  pieces  at  once.  The  tube  in  s-ldom  perfectly  finiBbed 
by  the  operation;  a  superfluous  knob  of  glass  generaDy  remains  upon 
the  end.  If  small,  it  may  be  got  rid  of  by  heating  the  whole  end  of 
the  tuba,  and  blowing  moderately  with  the  mouth  into  the  open  end. 
The  knob,  being  hotter  and  therefore  softer  than  any  other  part,  yields 
to  the  pressure  from  within,  spreads  out  and  disappears.  If  the  knob 
is  large,  it  may  be  cut  oft' with  scissors  while  red-hot,  or  drawn  off  by 
stiching  to  it  a  fragment  of  tube,  and  then  softening  the  glassabove  the 
junction,  The  same  process  may  be  applied  to  the  too  pointed  end  of 
the  right-hand  half  of  the  original  tube,  or  to  any  misshapen  result  of 
an  unsuccessful  attempt  to  close  a  tube,  or  to  any  bit  of  tube  which  is 
too  short  to  make  two  closed  tubes.  When  the  closed  end  of  a  tube 
ia  too  thin,  it  may  be  strengthened  by  keeping  the  whole  end  at  a  red 
heat  for  two  or  three  minutes,  turning  the  tube  constantly  between 
the  fingers.  It  may  be  said  in  general  of  all  the  preceding  operations 
before  the  lamp,  that  success  depends  on  keeping  the  tube  to  be  heated 
in  constant  rotation,  in  order  to  secure  a  uniform  temperature  on  all 
sides  of  the  tube. 

4.  Blmning  bulbs  and  pia-cmg  holes  itt  tvhitiff. — If  the  bulb  desired 
is  large  in  proportion  to  the  wae  of  the  tube  on  which  it  b  to  be  made, 
the  walls  of  the  tube  must  be  thickened  by  rotation  in  the  flame  before 
the  bulb  can  be  blown.  If  the  bulb  is  to  be  blown  in  the  middle  of  a 
piece  of  tubing,  this  thickening  is  effected  by  gently  pressing  the  ends 
of  the  tube  together  while  the  glass  is  red-hot  in  the  place  where  the 
bulb  is  to  be ;  if  the  bulb  is  to  be  placed  at  the  end  of  a  tube,  this  end 
is  first  closed,  and  then  suitably  thickened  by  pressing  the  hot  gla^s  up 
with  a  piece  of  metal  until  enough  has  been  accumulated  at  the  end. 
The  thickened  portion  of  glass  is  then  to  be  heated  to  a  cherry-red, 
suddenly  withdrawn  from  the  flame,  and  expanded  while  hot  by 
steadily  blowing,  or  rather  pressing  air,  into  the  tube  with  the  mouth ; 
the  tube  must  be  constantly  turned  on  its  axis,  not  only  while  in  the 
flame,  but  also  wbUe  the  bulb  is  being  blown.     If  too  strong  or  too 
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Biidden  ft  pressiii-e  be  eserted  with  the  mouth,  the  Tjulb  will  he  ex- 
tremely thin  and  nuitc  uselesfl.  By  watching  the  expanding  glass,  the 
proper  moment  for  nJTesting  the  pressure  may  usually  he  detGrmlned. 
If  the  bulb  ohtwned  he  not  large  enough,  it  may  he  reheated  and  en- 
larged by  blowing  into  it  agdn,  proTided  that  a  sufficient  thichnesa  o( 

it  is  sometimes  necesaary  to  make  a  hole  in  the  side  of  a  tube  or 
other  thin  glaas  apparatus.  This  may  he  done  by  directing  a  pointed 
Ilame  from  the  hlast-kmp  upon  the  place  where  the  hole  is  to  he, 
until  a  small  spot  is  red-hot,  and  then  blowing  forcibly  into  one  end 
i;f  the  tube  while  the  other  enl  is  closed  by  the  Anger ;  at  the  hot  spot 
the  glass  is  blown  ont  into  a  thin  bubble,  which  bursts  or  may  he  easily 
broken  off,  leaving  an  aperture  in  the  side  of  the  tube. 

It  is  hoped  that  these  few  directions  will  enable  the  attentive  student 
to  perform,  sufficiently  well,  aU  the  manipulations  with  pj  y_ 
glass  tubes  which  ordinary  chemical  esperimentf  req^iiire. 
Much  practice  will  alone  give  a  perfect  mastery  of  the 
details  of  glass-blowing. 

5.  Lamps. — The  common  glass  spirit-lamp  will  be  under- 
stood without  description  from  the  figure  (Fig.  V.).     This  * 
lamp  does  not  give  heat  enough  for  most  ignitions;  for  \ 
such  purposes  a  lamp  with  circular  wick,  of  some  one  of 
the  numeroua  forms  sold  under  the  name  of  Berzeliua's 
Ai^>iind  Spirit  Lamp  (Fig.  VI.),  is  necessary.     These  argand  lamps 
are  usually  mounted  on  a  lamp-  pjg.  VL 

stand  provided  with  three  brass 
linga;  hut  the  fittings  of  these 
lamps  ate  all  made  slender,  in 
order  not  to  carry  off  too  much 
heat.  "When  it  b  necessary  to 
heat  heavy  vessels,  other  supports 
must  he  used. 

Whenever  gas  c*n  he  obtained, 
gas-lamps  are  greatly  to  be  pre- 
ferred to  the  best  spirit-lampa. 
For  all  common  chemical  experi- 
ments, except  a  few  for  which  ig- 
nition-tubes must  he  prepared  or 
in  which  considerable  lengths  of  * 
tubing  must  be  heated,  the  gas-   L 

lamp  known  as  Bunsen'a  burner  is  the  best  lamp.     The  i 
beet  construction  of  this  lamp  may  be  learned  fiom  the  following 
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description  with  tbe  accompaDjing-  figures.  (Fig.  VII.)    The  wngle 
casting  of  brass  a  h  corapiises  the  tu1je  h  through  which  the  gas  BnteWj 


Fig.  va 


block  a  from  which  the  g 
escapes  by  two  or  three  fine  vertical 
holes  passing  through  the  screw  d,  and 
issuing  from  the  upper  faea  of  rf,  as 
shown  at  e.  The  length  of  the  tube 
6  is  4'5  cm.  and  its  outside  diamster 
varies  from  0-5  c.m.  at  the  outer  end 
to  1  c.m,  at  the  junction  with  the 
block  a.  The  outside  diameter  of  the 
block  a  is  1-B  cm.,  and  its  outside 
height  without  the  screws  is  1-8  c-ni. 
By  the  screw  c,  the  piece  06  is  at- 

taclied  to  the  iron  foot  g,  which  moy  be  6  c.m.  in  diameter, 
screw  <i,the  brass  tube/is  attached  to  the  casting  a  b.  The  diameter 
of  the  face  e,  and  therefore  the  internal  diameter  of  the  tube  /,  should 
be8m.m.  The  length  of  the  tube/ ia  9  c.m.  Through  the  wall  of 
this  tube,  four  holes  5  m.m.  in  diameter  are  to  be  cut  at  such  a  height 
that  the  bottom  of  each  hole  will  come  1  m.m.  above  the  face  e  when 
the  tube  is  screwed  upon  a  b.  These  holes  are  of  course  opposite  each 
other  in  paira.  The  finished  lamp  is  also  shown  in  Fig.  VII.  To 
the  tube  b  a  caoutchouc  tube  of  5  to  7  m.m.  internal  diameter  is  at- 
taclied;  this  flexible  tube  should  be  about  1  m.  long,  and  its  other 
extremity  should  be  connected  with  the  gaa-cock  through  the  inter- 
vention of  a  short  piece  of  brass  gas-pipe  screwed  into  the  cork. 
In  cases  where  a  very  small  flame  is  required,  as,  for  example,  in  eva- 
porating small  quantities  of  liquid,  a  piece  of  wire  gauze  somewhat 
larger  than  the  opening  of  the  tube/ should  be  laid  across  the  top  of 
the  tube,  and  its  projecting  edges  pressed  down  tightly  against  the  sides 
of  the  tube  before  the  lamp  is  lighted.  In  default  of  this  precaution 
the  flame  of  a  Bunsen's  burner,  when  small  and  exposed  to  cuiTenta  of 
air,  is  liable  to  pass  dowa  the  tube  and  ignite  the  pj  yjjj 
gas  at  d.  "' 

A  lamp  to  give  a  powerful  flame  8  or  10  cm,  long, 
snitable  for  heating  tubes,  may  be  very  simply  con- 
Btmcted  by  boring  two  holes,  entering  the  side  and 
issuing  at  the  upper  face,  through  a  block  of  compact 
bard  wood,  10  c.m.  by  6-5  cm.  by  5-5  cm.,  ajid  fit- 
ting short  pieces  of  brass  tubing  into  the  holes  so 
formed  To  the  tubes  at  the  side  are  attached  the 
caoutchouc  tubes  which  deliver  the  gas,  and  from  the  tub* 


sd  by  Google 


Viii  BLSST-LiMP3  ABD  BLOWERS. 

the  gaa  issues  under  ft  sheet -iron  funnel  closed  at  the  top  with  wire 
gauze.  Ahoye  this  gauze,  the  mixture  of  gas  and  sit  is  to  he  lighted. 
Thciroufuunelwilllie  readily  imderstond  from  the  accompanyingflgure, 
and  the  following  dimenwons :— Length  of  the  wire  gauze  10  cm. ; 
width  of  the  gauze  5  cm. ;  width  at  a  6  9  cm. ;  height  of  the  line  o  6 
&om  the  tahle  8-5  cm. ;  whole  height  of  the  funnel  21  cm.  A  par- 
tition parallel  to  n  6  divides  the  funnel  into  two  equal  parts  from  the 
gauze  to  the  level  of  a  b. 

6.  Blad'lamps  and  Blowers.— Tot  drawing,  bending,  and  closing  large 

glass  tuhea,  a  hlast-lamp  is  necessary.    The  best  form  is  that  sold  under 

the  name  of  Bunsen's  Gas  Blowpipe.    Its  construction  and  the  method 

of  using  it  may  be  learned  from  Kg.  IS. ;  a  6  is  the  pipe  through 

Fig-  X. 


which  the  gas  enters,  e  is  the  tuhe  for  the  hlast  of  ah' ;  the  relation  of 
the  wr-tuhe  to  the  external  gas-tube  is  shown  at  d;  there  is  an  outer 
shding  tube  by  which  the  form  and  volume  of  the  flame  can  be 
regulated. 

If  gas  is  not  to  be  had,  ft  lamp  burning  oil  or  naphtha  must  be  em- 
ployed. Fig.  X.  represents  a  common  tin  glasahlower's  lamp,  suitable 
for  burning  oil.  A  large  wick  ia  essential,  whether  oil  or  naphtha  bo 
the  combustible. 

For  every  blast-lamp  a  blowing-machine  of  some  sort  is  necessary. 
To  supply  a  constant  blast  it  is  essentinl  that  the  bellows  be  of  that 
onstruction  called  double.     Figs.  XI.  and  XII.  repr^'sent  two  forma 
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of  Uowpipe-taWe;  their  lieiglit  is  that  of  an  ordinary  table,  from 
whicli  dimension  the  other  proportions  may  be  inferrtd.  A  sm^ 
double-acting  bellows  ia  now  made  for  the  use  of  dentists,  wtioh  is 
available  at  any  table  by  the  help  of  a  caoutchouc  tube  to  conduct  the 
blast  to  the  jet.  These  bellows  are  too  small  to  give  a  steady  flame 
of  loige  size,  hut  will  nevertheleaa  answer  for  most  of  the  glass- 
blowing  necessary  in  tie  execution  of  the  experiments  described  in 


Where  an  abundant  supply  of  water 
blowing  apparatus  is  very  convenient 


5  at  command,  tlie  following 
A  till  pipe,  a  b  (Fig.  XIH.), 


about  one  metre  long  and  about  13  m.m.  in  diameter,  has  two  smallei 
pipes,  12  to  10  cm.  long,  soldered  into  it ;  these  small  pipes  are  8  m.m, 
in  diameter ;  one,  c  i^,  is  inserted  at  right  angles  12  cm.  from  the  end, 
the  other, ef,  25 cm.  lower,  at  en  angle  of  45°.  The  lower  end  of 
the  tube  passes  through  the  cork  of  a  wide-mouthed  five-litre  bottle, 
extending  rather  more  than  halfway  down.  Two  glass  tubes  also 
pass  through  the  eorlt  of  the  bottle— a  short  small  tube  g,  No.  4,  which 
should  reach  some  16  cm.  above  the  cork,  but  should  not  project  into 
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the  bottle,  and  s  larger  tube  h,  No.  2,  extending:  to  the  bottom  of  the 
bottle.  The  outer  end  of  the  tube  h  benda  over  and  is  connected  bj 
caoutchouc  tubing  with  a  straight  tube  of  ec[ual  diameter.  This  last 
arrangement  forms  the  siphon.  To  the  tube  ff  a  caoutchouc  tube,  ff », 
is  attached  to  convey  the  blast  to  any  desired  point.  To  produce  a 
blast,  the  water-cock  is  connected  with  the  tube  c  d  hj  meana  of  a 
caoiitchono  tube.  When  the  water  is  turned  on,  the  caoutehouc  tube 
g  i  is  closed  for  a  moment  with  the  thumb  and  finger.  Thia  starts  the 
water  through  the  siphon,  and  immediately  a  continuous  and  powerful 
blast  of  air  rushes  out  through  the  tube  ^^  and  may  be  carried  directly 
tJD  the  blowpipe.  The  siphon  must  be  capable  of  carrying  olf  a  largCT 
stream  of  water  than  that  which  is  allowed  to  enter,  so  that  there  shall 
never  be  more  than  3  or  4  cm.  of  water  in  the  bottle.  By  regulating 
the  water-cock,  the  proper  supply  of  water  may  be  determined. 

The  same  apparatus  may  be  used  as  an  aspirator.  When  the  instru- 
ment ia  to  be  used  to  draw  air  through  any  apparatus,  the  tube  giis 
closed  by  inserting  a  glass  rod;  the  upper  end  of  the  tube  a  6  is  closed 
with  a  cork,  and  the  tube  e/is  connected  with  the  apparatus  through 
which  the  current  of  sir  ia  to  be  drawn.  The  force  of  the  cuiTient 
of  air  ia  to  a  certain  degree  affected  by  the  aize  of  the  tube  a  6 ;  to 
diminish  the  effective  calibre  of  this  tube,  in  case  a  gentle  current  of 
air  is  required,  a  glass  rod  as  long  as  the  tube  may  be  passed  down 
the  tube  through  a  cork  inserted  at  a.  The  same  apparatus  may  thus 
be  made  to  produce  a  gentle  or  a  powerful  current  of  air. 

7.  Caouidnnie. — Vulcanized  caoutchouc  is  a  most  useful  substance 
in  the  laboratory,  on  account  of  ila  elasticity  and  because  it  resists  so 
well  most  of  the  corroaiTe  aubstances  with  which  the  chemist  deals. 
It  is  used  in  three  forms ; — (1)  in  tubing  of  various  diameters  com- 
parable with  the  sizes  of  glass  tubing;  (2)  in  stoppers  of  various  sizes 
to  replace  corks ;  (8)  in  sheets.  Caoutchouc  tubing  may  be  used  to 
conduct  all  gases  and  liquids  which  do  not  corrode  its  substance,  pro- 
vided that  the  pressure  under  which  the  gus  or  liquid  flows  bo  not 
greater  or  its  temperature  higher  than  the  texture  of  the  tubing  can 
endure.  The  flesibility  of  the  tubing  is  a  very  obvious  advantage  in  a 
great  variety  of  cases.  Short  pieces  of  such  tubing,  a  few  centimetres 
in  length,  are  much  used,  nnder  the  name  of  connectors,  to  make 
flexible  joints  in  apparatus  of  which  glass  tubing  forms  part;  flexible 
joints  add  greatly  to  the  durability  of  such  apparatus,  because  long 
glass  tubes  bent  at  several  angles  and  connected  with  heavy  objects, 
hke  globes,  bottles,  or  ffasks  iiill  of  liquid,  are  almost  certain  to  break 
even  with  the  most  careful  usage ;  gas-delivery-tubes,  and  all  oon- 
riderable  lengths  of  glass  tubing,  should  invariably  be  divided  atone  ax 
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mors  places,  and  the  pieces  joiDed  again  TTitli  cftoutcliouc  connectors. 
The  ends  of  glaas  tubing  to  be  thus  connected,  should  be  squarely  cut, 
and  then  rounded  in  the  lamp,  in  order  that  no  sharp  edges  may  cut 
the  caoutchouc ;  the  internal  diameter  of  the  oaoutehouc  tube  must  be  a 
little  smaller  than  the  external  diameter  of  the  glass  tubes;  the  slipping 
on  of  the  connector  is  facilitated  by  wetting  the  glass.  In  some  cases 
of  delicate  quantitative  manipulations,  in  which  the  tightest  possible 
Joints  must  be  secured,  the  caoutchouc  connector  is  bound  on  to  the 
glass  tube  with  a  silk  or  smooth  linen  string  j  the  string  is  passed  as 
tightly  as  possible  twice  round  the  connector  and  tied  with  a  square 
inot;  the  string  should  be  moistened,  in  order  to  prevent  it  from 
slipping  while  the  knot  is  tying. 

Caoutchouc  stoppers  of  good  quality  are  much  more  durable  than 
corliH  and  are  in  every  respect  to  be  preferred.  The  German  stoppers 
are  ot  excellent  shape  and  quality;  the  American,  being  chiefly  in- 
tended foi  wine-bottles,  are  apt  to  be  too  conical.  Oaoutehouc  stoppers 
can  be,  boied,  like  corks  (see  the  nest  section),  by  means  of  suilaUe 
cutter  ,  and  glass  tubes  can  be  fitted  into  the  holes  thus  made  with  a 
tightness  unattainable  with  corks.  German  stoppers  may  be  bought 
alieadj  piovided  with  one,  two,  and  three  holes.  It  is  not  well  to  lay 
in  a  large  stock  of  caoutchouc  stoppers;  for,  though  they  last  a  long 
time  when  in  constant  use,  they  not  infrequently  deteriorate  when 
kept  in  store,  becoming  hard  and  somewhat  brittle  with  age.  These 
stoppers  must  not  be  confounded  with  the  very  inferior  caps  which 
■were  in  use  a  few  years  ago. 

Pieces  of  thin  sheet  caoutahouc  are  very  conveniently  used  for 
making  light  joints  between  lai'ge  tubes  of  two  different  sizes,  or  be- 
tween the  neck  of  a  flask,  or  bottle,  and  a  large  tube  which  enters  it, 
or  between  the  neck  of  a  retort  und  the  receiver  into  which  it  enf^rs. 
A  Buffi  eiently  broad  and  long  piece  of  sheet  caoutchouc  is  considerably 
Btretehed,  wrapped  tightly  over  the  glass  parts  adjoining  the  aperture 
t»  be  closed,  and  secured  in  place  by  a  string  wound  closely  about  it 
and  tied  with  a  square  knot 

8,  Corks. — It  is  often  very  difficult  to  obtain  sound,  elastic  corks  of 
fine  grain  and  of  size  suitable  for  large  flasks  and  wide-mouthed  bottles- 
On  this  account,  bottles  with  mouths  not  too  large  to  be  dosed  with  a 
cork  cut  across  the  grain  should  be  chosen  for  diemieal  uses,  in  pre- 
ference to  bottles  which  require  large  corks  or  bungs  cut  with  the 
grain,  and  therefore  offering  continuous  channels  for  the  passage  of 
gases,  or  even  liquids.  The  kinds  sold  as  champagne-corks  and  as 
satin  corks  for  phials  are  suitable  for  chemical  use.  The  best  corka 
generally  need  to  be  softened  before  usbg;  this  softening  may  be 
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effected  by  rolling  the  coik  under  a  board  upon  tte  table,  or  under  tbe 
foot  upon  thu  elean  floov,  or  by  ^ntly  squeezing  it  on  all  sides  with 
the  well-lfnown  tool  expressly  adapted  for  this  purpose,  Hnd  thence 
called  a  cork-squeezer.    Steaming  also  softens  tie  hardest  corks. 

Corks  must  oft«n  be  cut  with  cleanness  and  precision ;  a  sharp,  thin 
knife,  such  as  shoemakers  use,  is  desirable  for  this  purpose.  When  a 
cork  has  been  pared  down  to  reduce  its  diameter,  a  tl;it  file  may  be 
employed  in  tmishing ;  tte  file  must  bi-  fine  enough  to  leave  a  smooth 
surface  upon  tlie  cork;  in  tiling  a  cork,  a  cylindrical,  not  a  conical 
form  should  be  aimed  at 

In  boring  holes  through  corks  t«  receive  glass  tubes,  a  liollow 
cylinder  of  sheet  brass  sharpened  at  one  end  is  a  very  convenient  tool. 
Kg.  XIV.  repi-eaents  a  set  of  such  little  cylinders 
of  graduated  sizes,  slipping  one  within  the  other  Fig.  XIV. 

into  a  very  compact  form ;  a  stout  wire,  of  tha  ^ 
same  length  as  the  cylinders,  accompanies  ths 
set,  and  serves  a  double  purpose.  Passed  trans- 
versely through  two  holes  in  the  cap  which  ter- 
minates each  cylinder,  it  gives  ihe  hand  a  better 
grasp  of  the  tool  while  penetrating  the  cork ;  and 
when  the  hole  is  made,  the  wire  thrust  through 
an  opening  in  the  top  of  the  cap  expels  the  little 
cylinder  of  cork  which  else  would  remain  in  the 
cutting  cylinder  of  brass.  That  cutter  whose 
diameteria  next  below  that  of  the  glass  tube  to 
be  inserted  in  the  cork  is  always  to  be  selected ; 
and  if  the  hole  it  makes  is  too  small,  a  round  file 
must  be  used  to  enlarge  the  aperture ;  the  round 
file  also,  often  comes  into  play  to  smooth  the  rough  sides  of  a  hole  made 
by  a  dull  c  irk-borer.  Cutters  which  have  been  dulled  by  use  may  be 
sharpened  by  filing  or  grinding  down  their  outer  bevelled  edges  and 
then  paring  off  any  protuberance  or  roughness  which  may  remain 
upon  the  mside  of  the  edge  with  a  sharp  penknife.  A  pair  of  small 
calUpers  is  a  very  convenient,  though  by  no  means  essential  tool  in 
deternunmg  which  size  of  cutter  to  employ.  A  flask  which  presents 
sharp  or  rough  edges  at  the  mouth  can  seldom  be  tightly  corked,  for 
th  k      nnot  be  introduced  into  the  neck  without  being  cut  or 

ugh  n  d     such  sharp  edges  must  be  rounded  in  the  lamp.      In 
th  u-t  ng  glass  tubes  through  bored  corks,  the  following  directions  are 
to  b       bse  ved  ;^(1)  The  end  of  the  tube  must  not  present  a  sharp 
edg        p  Me  of  cutting  the  cork.     (2)  The  tube  should  be  grasped 
ry  1       to  the  cork,in.order  to  escape  cutting  the  hand  which  holds 
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the  cork,  should  the  tuba  break  by  ohsprving  this  precaution  the 
chief  cause  of  breakage  iiz  irregular  lateral  pressure,  will  be  at  the 
same  time  avoiied  (3)  A  f  nnel  tibe  must  never  be  held  by  the 
funnel  Id  dmmg  it  through  a  cork  nor  s  bent  tube  grasped  at  the 
bend,  unless  the  bend  cornea  uumcdiafely  above  the  cork.  (4)  If  the 
tube  goes  very  hai'd  through  the  cork,  the  application  of  a  little  soap 
and  water  will  facilitate  its  passage ;  but  if  soap  is  used  the  tube  can 
seldom  be  witkdrawa  from  the  cork  after  the  latter  has  become  dry. 
(5)  The  tube  must  not  be  pushed  straight  into  the  cork,  but  Bcrewed 
in,  as  it  were,  with  a  alow  rotary  ns  well  as  onward  motion.  Joints 
made  with  corks  should  always  be  tested  before  the  apparatus  ia  used, 
by  blowing  into  the  apparatus  and  at  the  same  time  stopping  up  all 
legitimate  outlefa.  Any  leakage  is  revealed  by  the  disappearance  of 
the  pressure  created.  To  the  same  end,  mr  may  be  sucked  out  of  an 
apparatus  and  its  tightness  proved  by  the  permanence  of  the  partial 
vacuum.  To  attempt  to  use  a  leaky  cork  is  generally  to  waste  time 
and  labor  and  to  insure  the  failure  of  the  experiment.  When,  how- 
ever, a  leak  is  only  discovered  during  the  actual  progress  of  the  expe- 
riment, it  is  sometimes  possible  to  save  the  experiment  by  using  a 
lute ;  for  this  purpose  wax  applied  with  a  warm  knife,  or  a  paste  made 
of  rye-meal  and  water  may  be  used;  common  seaUng-wax  also  is 
sometimes  a  useful  makeshift. 

9.  Ij-on  Stand,  Sand-baih,  and  Wire  Gmcze. — To  support  vessels  over 
the  gas-lamp,  an  iron  stand  ia  used  consisting  of  a  stout  vertical  rod 
fastened  into  a  heavy  cast-iron  foot,  and  three  iron  rings  of  graduated 
sizes  secured  to  the  vertical  rod  with  binding-screws ;  all  the  rings  may 
be  slipped  off  the  rod,  or  any  ring  may  bo  adjusted  at  any  convenient 
elevation.  The  general  arrangement  is  not  unlike  that  of  the  stand 
■which  makes  part  of  the  Berzelius  lamp  (Fig.  VI,),  although  simpler 
and  cheaper.  As  a  general  rule,  it  is  not  best  to  apply  the  direct 
flame  of  the  lamp  to  gla^  and  porcelain  vessels;  hence  a  piece  of 
wire  gauie  is  stretched  loosely  over  the  largest  ring,  and  bent  down- 
wards a  little  for  the  reception  of  round-bottomed  vessels;  on  this 
gauze,  flasks,  retorts,  and  porcelain  dishes  are  usually  supported.  In 
a  few  cases,  in  "which  a  very  gradual  and  equable  heat  is  required,  the 
wire-gauze  is  replaced  by  a  small  shaUow  pan,  beaten  out  of  sheet- 
iron,  and  filled  with  diy  sand.  This  arrangement  ia  called  a  sand-bath. 
With  the  aid  of  annealed  iron  wire,  the  iron  stand  may  be  made  avail- 
able for  supporting  tubes  over  the  lamp,  Crucibles,  or  dishes,  too  small 
for  the  smallestringbelongingto  the  stand,  are  conveniently  supported 
on  an  equilateral  triangle  made  of  three  pieces  of  soft  iron  wire  twisted 
together  at  the  apices ;  this  tiiangle  is  laid  on  one  of  the  rings  of  tlie 
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Btnnd  4n  iron  tnpod  (tliat  is  a.  atout  rinj;  Bupporteil  on  three 
leg'')  na>  often  be  used  instead  of  the  stand  aboie  descnbed  but 
it  1"  not  so  g^ntrally  ugpful  because  of  the  d  fficultv  ot  adjustmf; 
it  at  yarnua  heights  with  a  "ufticieuc?  ot  ivoodcn  bio  ks  wherewith 
to  raise  the  lamp  or  the  tnpod  as  ocL.asion  mav  require  it  maj  be 
made  available 

10  FneumatK  T^ouqh—'Uhe  pneumatic  trough  is  a  contrivan  e 
which  enables  u^  to  collect  and  confane  gases  in  suitable  i  tsse!  t  id 
to  decant  them  from  one  vcael  ta  another  Its  efttcienoy  depeuis  on 
the  pressure  of  the  atmospheie  which,  as  we  know  is  capable  of  ai  p- 
portiag  a  column  ot  water  10  33  metres  long  or  a  column  of  meruurv 
76  cm.  long  (see  5  7),  provided  that  the  liquid  column  be  so  arranged 
that  the  atmospheric  pi-essure  shall  be  fully  felt  upon  the  foot  of  the 
column,  but  not  at  alt  upon  its  head.  If  a  tube,  closed  at  one  end 
and  open  at  the  other,  and  of  any  length  less  than  10-33  m,,  be  com- 
pletely filled  with  water,  and  then  inverted  so  that  its  open  end  shall 
dip  beneath  some  water  held  in  a  basin  or  saucer,  the  tube  will  remain 
full  of  water  when  the  thumb  or  cork,  which  closed  the  open  end  while 
th     m  n  was  eifected,  is  withdrawn.     What  is  true  of  a  tube  is 

q  lly  t  fa  bell,  or  other  vessel  closed  at  one  end,  of  any  diameter 
o  1  p  p  vided  its  height  he  not  greater  than  1033  m.;  and  the 
pn  pi  wh  ch  applies  to  water  is  equally  applicable  to  mercury, 
e  pt  that  the  height  of  the  mercury  column  which  the  average 
atm  ih  pressure  can  hold  up  is  inly  76  cm.,  because  mercury  is 
13  59b  tuM  as  heavy  as  water.  If  a  lew  bubbles  of  any  gas  insoluble 
in  water  should  be  delivered  beneath  the  open  end  of  a  tube,  or  bell, 
thus  standing  full  of  water  in  apparent  defiance  of  gravitation,  the  gas 
would  rise  to  the  top  of  the  tube,  by  virtue  of  being  lighter  than  tho 
water,  and  the  exact  volume  of  water  displaced  by  the  gas,  small  or 
lai'ga,  would  drop  into  the  basin  or  saucer  beneath.  If  the  gas  were 
thus  delivered  continuously  beneath  the  tube  or  bell,  we  should  fiaally 
get  the  tube  or  bell  full  of  gaa,  without  admixture  of  air,  and  sealed 
at  the  bottom  by  the  wafer  in  the  basin  or  saucer.  If  mercury  were 
the  Uquid,  the  operation  would  be  precisely  the  same,  except  as 
regards  the  height  of  the  tube  or  bell.  Even  this  difference  of  possible 
height  IS  not  noticeable  in  practice  because  bells  and  bottles  more 
than  60  ejn.  high  are  very  seldom  uied  with  either  liquid.  On  account 
of  its  costliness,  mercury  is  rareh  u  ed  unless  the  gas  to  be  collected, 
or  experimented  upon,  be  soluble  in  water  A  trough  for  mercury  is 
made  as  small  as  possible  for  the  san  e  reason  It  is  obvious  that  tho 
object  of  a  pneumatic  trough  may  be  accomplished  under  a  grip.t 

variety  of  forms.     Any  bucket  or  tub  with  a  hanging  shelf  in  it  may 
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0  describe  two  omvenient 


]  Fig.  XV.     lis  materiala 
Fig.  XV. 


be  made  to  serve,    It  will  be  a 
forms  of  the  appniatus. 

A  chenp  pneumatic  trough  is  n 
are  durable  and  its  capacity  sufficient. 
It  consists  of  two  pieces,  1st,  a  stone- 
■woi'e  pan,  about  30  cm.  in  i^anietcr  oa 
tie  bottom,  with  aides  sloping  slightly  out>  . 
wards  and  rising  to  the  height  of  about  10 
cm.;  2nd,  a  deep  flower-pot  saucer  about 
15  e.m.  in  diameter,  with  one  hole  bored 
through  the  middle  of  the  bottom,  and  a 
Bccond  arched  hole  nipped  out  of  its  rim; 
this  saucer  is  inverted  in  the  pan.  If  this 
second  piece  be  made  expressly  for  this  purpose,  it  should  be  made 
about  5  cm.  high,  and  its  interior  should  be  rounded  to  the  hole  in  the 
centre,  while  the  outside  is  left  flat  like  the  flower-pot  saucer.  For 
the  saucer  may  be  conveniently  substituted  two  slabs  or  blocks  of  any 
stone,  like  soapstone,  sandstone,  or  marble,  made  of  even  thickness  and 
laid  side  by  side  in  the  wafer-pan  with  ai 
permits  the  gas-delivery-tube  tc 
bottle  or  cylinder  supported  o 
crack.     To  u 


rvsl  between  tiieni  which 

le  beneath  the  mouth  of  an  inverted 

1  the  two  blocks  over  the  intervening 

0  this  apparatus,  the  pan  is  filled  with  water  to  a  level 


about  2  e.m.  above  the  top  of  the  inverted  saucer;  the  bottle,  cylinder, 
or  bell  which  is  t«  receive  the  gris  is  completely  filled  with  water  ftom 
a  pitcher  or  water-cock,  then  closed  with  the  hand  of  the  operator  or 
with  a  flat  piece  of  glass  or  wood,  inverted  into  the  pan,  and  placed 
on  the  saucer  over  the  hole  in  its  centre ;  the  end  of  the  gas-delivery- 
tube  is  thrust  throug-h  the  side  hole  in  the  saucer ;  and  the  gaa,  rising 
through  the  centre  hole,  bubbles  up  into  the  bottle  or  cylinder  placed 
toreceive  it.  While  one  bottle  is  flllingwith  gas,  another  is  made 
ready  to  replace  it ;  and  when  the  first  is  full,  it  is  pushed  off  the  centre 
hole  of  the  saucer,  and  the  second  bottle  is  brought  over  the  hole.  A 
bottle  full  of  gas  may  be  removed  from  the  trough  by  slipping  beneath 
the  mouth  of  the  bottle  a  shallow  plate  or  dish,  and  then  hfling  plate 
and  bottle  out  of  the  pan  together  in  such  a  manner  that  water  enough 
to  seal  the  mouth  of  the  bottle  shall  remain  in  the  pUte.  The  gas  in 
one  bottle  maybe  decanted  upwnrds  into  another,  by  filling  the  second 
bottle  with  water,  and  then  carefully  inclining  the  bottle  containing  the 
gas  so  aa  to  bring  its  mouth  under  the  mouth  of  the  bottle  which  ia 
full  of  water,  keeping  the  mouths  of  both  bottles  all  the  time  beneath 
the  surface  of  the  water  in  the  pan.  If  the  gas  which  has  been  col- 
lected is  heavier  than  air,  a  bottle  of  it  may  be  withdrawn  fi'om  the 
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water-pnn  and  got  at  for  nee,  by  airaply  slipping  a  flat  ■piece,  of  glaas  nr 
wood  beneath  its  mouth,  so  as  to  close  it  vather  tightly,  and  then 
standing  the  bottle,  mouth  upward,  upon  the  table.  If  the  cover  be 
then  removed  from  the  bottle,  the  gas  will  not  flow  out,  though  it  will 
slowly  diffuse  into  the  air.  As  the  water  with  which  the  bottles  or 
cylindeis  are  filled  falls  into  the  pan  when  displaced  by  gas,  it  is  po.aslb'.e 
that  the  pan  may  become  inconveniantly  full  if  many  large  bottles  are 
used;  this  difficulty  must  be  remedied  by  dipping  water  out  of  the 
pan,  and  so  restoiing  the  true  level. 

Where  considerable  quantities  of  g&s  are  frequently  to  be  handled, 
and  large  veaseb  are  therefore  necessary,  &  la;^  apparatus,  shown  to 
Rg.  XVI.,  is  much  more  conve-  pj„  XVT. 

nient  than  the  small  pan,  which 
suffices  for  all  common  experi-  , 
menfa.  The  form  of  this  larger 
pneumatic  trough  and  the  mode 
of  using  it  will  readily  he  under- 
stood from  the  figure ;  the  depth 
and  width  of  the  tank  or  well 
must  be  determined  by  the  size 
of  the  bells  and  cylinders  which 
are  to  be  sunk  in  it,  and  the  length  and  breadth  of  the  shallow  part  or 
shelf  by  the  number  of  bells  or  jars  of  gas  which  are  htely  to  be  in 
use  at  any  one  time.  The  deep  groove  in  the  shelf  permits  a  glass  or 
caoutchouc  tube  to  pass  without,  compression  under  a  bell  whose  rim 
projects  over  the  groove.  Such  a  trough  is  best  made  of  zinc  or  lead. 
It  is  very  convenient  (w  have  it  sunk  in  a  table,  and  permanently  pro- 
vided with  a  water-cock  and  drain-pipe.  A  chief  merit  of  this  instru- 
ment is  that  the  glaas  vessels  used  can  he  filled  with  water  by  ainliing 
them  in  the  well  much  more  conveniently  than  from  a  pitcher  or 
water- cock. 

A  pneumatic  trough  for  mercury  may  be  made  either  of  wood,  iron, 
or  stone.  For  all  common  uses,  it  is  very  well  cut  out  of  a  solid  block 
of  compact  hard  wood,  which  will  not  splits  Small  cylinders  or  bells 
only  can  be  used,  and  the  weU  of  the  trough  should  be  scooped  out 
but  a  little  larger  than  tlie  bell  or  cylinder  selected,  with  its  principal 
dimension  horizontal,  and  its  bottom  curved  to  lit  the  cylindrical  bell 
which  is  to  be  laid  in  it;  the  shelf,  too,  should  have  but  a  small  area, 
sufficient  only  for  four  or  five  bells  of  3  or  4  cm.  diametei'. 

In  using  a  pneumatic  trough,  of  any  construction  or  dimensions,  the 
Btudent  should  be  on  his  guard  against  two  difficulties  of  possible  occur- 
rence— against  the  suckiiiff  bach  of  the  liquid  in  the  trough  into  the 


sd  by  Google 


Itss-geneiatiag  ajiparatus,  and  agninst  the  leakage  sometimea  induced 
by  the  pressure  created  by  thrusting^  the  g'as-deli  very -tube  deep  under 
water  or  mercury.  The  first  of  these  difflculties  is  the  most  serious. 
When  the  flow  of  gas  from  a,  heated  flask  or  tube  is  suddenly  arrested, 
in  consequence  of  some  reduction  of  temperature,  or  from  any  other 
cause,  it  often  happens  that  the  volume  of  gas  in  the  generating  appa- 
ratus contracts,  and  the  cold  water  or  mercury  fi'om  the  trough  rises 
in  the  delivery-tube  to  fill  the  void ;  if  the  contraction  is  so  considerable 
as  to  suffer  the  cold  liquid  to  penetrate  into  the  hot  flask  or  tube,  an 
explosion  almost  inevitably  ensues,  which  fractures  the  apparatus,  if  it 
does  no  worse  dami^e.  In  collecting  over  water  a  gas  somewhat  solu- 
ble in  that  liquid,  this  danger  is  especially  imminent.  The  occurrence 
of  such  accidents  may  be  effectually  guarded  against  by  paying  atten- 
tion to  the  following  directions : — (1)  Whenever  it  is  proposed  to  stop 
m  evolution  of  gas  which  has  been  going  on  from  a  hot  flask  or  tube, 
withdraw  the  delivery-tube  from  the  water  before  extinguishing  the 
lamp,  and  shake  off^  from  the  bent  end  of  the  tnbe  the  drops  of  water 
which  are  apt  to  adhere  to  it ;  the  lamp  may  then  be  safely  put  out, 
for  air  can  enter  the  apparatus  through  the  open  tube.  (2)  When  the 
fiow  of  gas  from  a  hot  apparatus  is  observed  to  slacken,  watch  closely  the 
escape  of  the  gaa  from  the  delivery-tube,  and  as  soon  as  any  tendency 
to  reflux  of  water  is  detected,  lift  the  delivery-tube  quickly  out  of  the 
water,  or,  better,  slip  off  the  caoutchouc  connector,  which  should  always 
be  found  between  the  ilaak  and  the  water-pan  on  every  such  piece  of 
apparatus ;  if  there  be  no  connector,  the  cork  must  be  loosened  in  the 
neck  of  the  flask.    Air  will  thus  ha  admitted  to  the  hot  flask  or  tube. 

These  precautions  apply  more  particularly  to  the  cases  where  gas  is 
evolved  from  dry  materials,  as  in  making  oxygen  or  nitrous  oxide ; 
when  a  liquid  is  contained  in  the  generating  flask,  a  safety-tube  is  a 
sure  protection  against  the  danger  of  sucking  back.  The  atmospheric 
pressure  can  force  air  into  a  flaak,  in  which  a  partial  vacuum  has  been 
created,  through  the  safety-tube,  by  lifting  and  displacing  a  column  of 
the  liquid  whose  height  is  thelengthof  that  portion  of  the  safety-tube 
wbicli  dips  beneath  the  liquid.  Unless  the  liquid  in  the  flask  be  extra- 
oi-dinarily  dense,  the  force  required  to  do  this  will  be  very  much  lesa 
than  that  required  to  lift  a  column  of  water  whose  height  is  dettimintd 
by  the  elevation  of  the  highest  point  of  the  delivery-tube  above  the 
level  of  the  water  in  the  pan. 

When  the  gas  coming  from  the  generating  flask  has  to  force  out  and 
keep  out  of  the  delivery-tube  a  column  of  water  measnred  from  the 
lowest  point  of  the  tube  to  the  surface  of  the  water  in  the  pan,  a  pres- 
sure determined  hy  the  height  of  this  column  is  e^tflblished  upon  the 
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intenor  of  the  flast  and  upon  every  joint  of  the  Rpparatus.  Hence  ftn 
apparatus  will  sonaetimes  leak,  and  refuse  to  deliver  ga?  at  the  desired 
point,  when  its  deliverj'-tuhe  is  deeply  immersed,  while  it  does  not 
leak  if  the  tube  merely  dip  beneath  the  aurface  of  the  water.  With 
mercnry  the  pressure  of  a  few  centimetres  is  very  considerable,  on 
account  of  the  high  speciflc  (fravity  of  the  fluid,  so  that  this  difficulty 
is  more  likely  to  occur  with  this  metal  than  with  water.  IHght  joints 
prevent  the  occurrence  of  this  difficulty.  A  partial  remedy  is  to  dip 
the  delivery-tube  as  little  as  possible  below  the  surface  of  tlie  fluid  in 
the  troii^'h. 

IL  Gas-holders. — A  small  gas-holder,  very  convenient  for  many  uses, 
is  made  from  a  common  glass  bottle  in  the  following  mnnner; — A 
[Tig.  XVII.)  ia  a  bottle  of  4-6  litres  pjg  XVII. 

capacity;  through  the  eork  in  its 
neei  paas  two  glass  tubes  (No.  6),  of 
which  onereachesthebottom  of  the 
bottle,  while  the  other  merely  pene- 
trates the  cork ;  with  the  outer  end 
of  the  first  tube  a  caoutchouc  tube  e 
b  connecti-d,  with  the  outer  end  of 
the  second  a  common  gas-cock  a. 
The  bottle  being-  first  completely 
filled  with  water,  the  apparatus 
which  generates,  or  contains,  the 
gas  to  lie  introduced  into  the  holder 
is  connected  with  the  tube  carrying  ■ 
the  cock  a;  this  cock  is  open.     As 

in  the  long  tube,  and  flows  out  by 
the  siphon  e.  In  order  to  relieve 
the  gas  from  this  pressure  at  the 
beginning,  it  is  only  necessary  to 
Buck  a  little  at  c.  The  tube  c  should 
ot  course  be  thrust  into  a  sink  ot 


To  get  gas  out  of  the  bottle,  thus  chained,  the  cock  a  is  cloaod,  and 
the  flexible  tube  c  is  lifted  up  and  connected,  as  shown  in  the  figure, 
with  a  bottle  of  water  £  placed  on  a  shelf,  or  stand,  somewhat  above 
the  bottle  A.  When  the  cock  h  is  opened,  the  gas  in  A  is  pressed  upon 
by  the  weight  of  the  superincumbent  column  of  water,  and  may  there- 
fore be  made  to  issue  at  will  from  the  cock  a.  The  higher  B  is  placed 
above  A,  the  greater  will  be  the  force  with  which  the  gas  will  issue. 


Id  b,  Google 


Fig.  XVIIL 


OAS-HOLDBKS.  XUt 

If  a  moderate  or  easily  regulated  water-pressure  13  at  hand,  supplied 
by  city  water-worka  or  a  reservoir  in  the  uppor  part  of  the  building, 
the  bottle  B  is  unnecessary,  and  the  flexible  tube  c  may  he  connected 
wili  such  a  water-supply  whenever  gas  is  to  be  pressed  out  of  the 
gas-holder  A. 

"Wiienlargerciuantitieaof  gfts  ftre  to  be  stored  for  use,  a  metallic  go*- 
holder,  whose  construction  and  proportions  ai'e  shown  in  Fig.  XVIII.,  is 
advantageously  employed.  The  open  cistern 
B  is  supported  over  the  vessel  A  on  two  co- 
lumns e  c,  and  two  tubes  a  and  d;  of  these 
tubes  the  first,  o,  reaches  from  the  bottom 
of  B  nearly  to  the  bottom  of  A,  while  the 
second,  6,  starts  from  the  bottom  of  £  and 
jtat  enters  the  arched  top  of  A  without 
projecting  into  it;  d  is  a  short  large  tube, 
sloping'  upwards  and  ontwards,  and  capable 
of  being  tightly  closed  with  a  cork  or  caout- 
chouc stopper;  y  ia  a  glass  gaug«  to  show 
the  height  of  the  water  in  the  vessel  A ;  e 
is  the  discharge-pipe.  To  fill  the  gas-holder 
with  water,  close  d,  open  the  stopcocks  o, 
i,  and  e,  and  pour  water  into  the  cislemSj 
the  water  entering  A  will  expel  the  air 
through  b  and  e;  when  the  water  begins  , 
to  flow  through  e,  close  that  stopcock  and 
expel  the  rest  of  the  air  through  6.  The 
gaa-holder  may  now  be  filled  with  gas  by 
displacing  the  water  in  the  following  mann 

cocks,  withdraw  the  cork  or  stopper  from  d,  aod  iatroduce  the  tube 
which  delivers  the  gas  through  that  opening.  A  short  piece  of  eaout-. 
chouc  tubing  makes  the  best  end  for  the  gas-delivery-tube ;  but  glasa- 
tubing  will  answer  the  purpose  if  the  end  be  slightly  bant  upwardi. 
The  water  flows  out  at  li  as  fast  as  the  ga»-,eaters,  and  the  gas-holden 
should  therefore  stand  in  a  shallow  meUl, tray  provided  with  a  drain-, 
pipe.  When  the  desired  quantity  of  gas  Jias  been  introduced,  close  J.' 
To  draw  gas  out  of  a  gas-holder  of  this  .consttuction,  the  cistem,i5  ia 
filled  with  water  and  the  cock  a  ia, opened;  under  the  pressur»  tliu* 
established  the  gas  may  be  drawn  off  :through  e,  or  allowed  to.  riSa 
through  b  into  botdes  or  belb-  filled  with. water  and  held  ovm  th». 
mouti  of  the  tube  6  in  the  cisfec^iB;  IH  this  last  case  Ji  answers  tie 
purpose  of  a  pneumatic  trough. . 

This  gaa-holder  may  be.cb.?g,p]^,niada  oE  zinc;  any  gaa-attei;. c«a 

2s. 


5r:— Jlilosu  all  the  stop- 


.y  Google 


XX  GAS-HOLDEBS. 

supply  the  necessaiy  stopcockB;  care  must  be  taken  that  the  ^Ibm 
tube  which  constitutes  the  gauge  is  fitted  air-tight  to  the  g-as-holder. 
The  atopcock  e  need  not  end  in  a  sci-ew ;  tubes  may  be  as  well  con- 
nected with  it  by  caoutchouc.  The  available  pressure  under  which 
the  gas  in  the  holder  streams  out  at  e  ia  of  course  limited  by  tho  ele- 
vation of  £  above  A,  which  must  always  be  moderate.  When  a 
stronger  pressure  is  desirable,  as  in  getting  the  oxyhydrogen  blowpipe- 
fiame,  for  example,  a  heavier  wafer-column  may  be  obtained  by  screw- 
ing a  tall  tube  with  a  capacious  funnel  on  the  top  of  it  into  the  tube  a, 
where  it  opens  into  the  bottom  of  the  cistern  S.  A  piece  of  common 
iron  or  copper  gas-pipe  about  n  metre  long,  answers  this  purpose  very 
well;  the  funnel  at  the  top  should  hold  two  or  three  litres,  and  must 
be  kept  full  of  wftt«r  from  a  cask  or  tub  provided  with  a  cock  and 
placed  just  above  the  funneL  Where  a  walei'-supply,  with  moderate 
pressure,  is  obtainable,  it  may  be  used  to  keep  the  funnel  full,  or  to 
replace  the  funnel  atttgether,  if  directly  connected  with  the  tube  a.  A 
gaa-holder,  measuring  not  more  than  50  c.m.  in  total  height,  is  not  too 
heavy  to  be  portable,  and  during  the  process  of  tilling  may  be  placed 
over  a  tub ;  but  a  gas-holder  of  much  larger  proportions  is  better  made 
a  fixture,  and  provided  in  a  permanent  manner  witli  drain-pipe  and 
water-supply.  The  gas-holder  thus  described  is  that  which  is  the  most 
generally  useful ;  it  may  be  chaiged  from  any 
glass  flask,  retort,  or  bottle,  without  any  pres- 
sure being  exerted  upon  the  glass  vessel ;  and 
unused  gas  containedin  any  sort  of  bell,  bott!e, 
or  flask  can  be  very  readily  transferred  1o  such 
a  gas-holder  without  waste  and  with  verj  little 
trouble. 

A  cheaper  gas-holder  may  be  made  on  the 
plan  of  the  lar^e  gas-holders,  improperly  called 
gasometers,  used  in  gas-works.  Fig.  XIX.  re- 
presents a  gas-holder  of  this  sort.  Over  a  tank 
of  water,  which  may  be  a  cylinder  of  zinc  as 
shown  in  the  flgure,  or  a  headless  pork-  or  oil- 
barrel,  or  any  other  water-tight  tub,  is  ba'  nurtd 
by  pulleys  and  weights  a  tight  belief  zine,iiot 
too  lai^e  for  complete  immersion  in  the  tank. 
The  U-tube,  shown  in  the  flgure,  which  may 
be  either  of  lead  or  brass, series  both  to  intro- 
duce and  deliver  the  gas.  To  All  such  a  gaso- 
meter, open  the  cock,  lift  the  counterbalancing  weight,  and  let  the  bell 
link  into  tho  water)  then  connect  the  vessel  from  which  the  gas  is 


Fig.  XJX 
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delivered  with  tlie  tube  of  the  holder,  counterpoise  the  bell,  and  the 
gas  coming  ftom.  the  generator  will  gmduallj  lift  the  bell  out  of  the 
water.  To  force  the  gas  out  of  the  holder  it  is  only  neceaaary  to  remOTO 
the  counterbalancing  weii^ht;  theweight  of  the  belt  forces  out  the  gaa; 
and  if  this  pressure  be  not  sufficient,  additional  weights  may  be 
placed  on  the  top  of  the  bell.  Gas-holders  of  this  construction,  unless 
very  small,  are  too  heavy,  when  filled  with  water,  to  be  carried  about ; 
but  this  difficulty  may  be  obviated,  when  economy  is  not  apeciallj  to 
be  regarded,  by  placing  within  the  lower  cylinder,  or  tank,  a  second 
air-tight  cylinder  as  a  core,  so  as  to  leave  only  a  narrow  space  between 
the  inner  and  outer  cylinders  for  the  water  into  which  the  upper  bell 
dips.  Elegant,  but  not  cheap,  gas-holdere  are  thus  made,  which  are 
convenient  for  some  uses,  but  are  not  so  generally  to  be  recommended 
S3  those  of  the  construction  first  described.  The  vessel  from  which  a 
gaa-holder  with  counterpoised  bell  is  charged  is  always  subjected  to 
some  pressure,  slight  if  the  pulleys,  cords,  and  weights  are  in  perfect 
order,  but  more  freijuentiy  conaderable  on  accoimt  of  the  difficulty  of 
maintaining  such  an  apparatus  in  perfect  condition. 

12,  Deflagyating'Spoon. — The  little  cup  which  holds  combustible 
material,  to  be  burnt  in  a  bottle  or  jar  of  gas,  is  called  a  deflagrating- 
spoon;  it  may  be  cheaply  made  by  hollowing  a  hemispherical  cup  out 
of  Q  cube  of  chslli  about  2  cm.  on  a  side,  and  attaching  a  atont  iron  or 
brass  wire  to  the  chalk,  in  such  a  manner  that  the  cup  will  be  right 
Mde  up  when  hung  by  the  vrire  in  a  jar  of  gas ;  the  upper  end  of  this 
wire  should  be  straight,  that  it  maybe  thrust  through  the  cork  or  piece 
of  wood  which  covets  the  mouth  of  the  bottle  or  jar.  The  piece  of 
chalk  may  be  replaced  by  a  bit  of  the  cylindiical  chalk  crayon  com- 
monly used  with  blackboards.  A  piece  of  crayon  1'5  cm,  in  length 
will  make  a  sufficient  spoon.  A  small  cupel  is  a  convenient  ready-made 
Hubstitnfe  for  the  chalk  cup.  Brass  deflagrating-spoons  are  also  to  be 
had  of  philosophical-instrument- makers. 

13.  TUtimtm  FoU  and  Wire. — A  piece  of  platinum  foil  about  S  cm, 
square  is  useful  in  experiments  involving  the  evapomlion  of  a  drop  or 
two  of  liquid  and  the  ignition  of  the  residue;  it  is  an  essential  t«ol  in 
qualitative  analysis.  Thefoilshouldbeatleastsothick  that  it  does  not 
crinkle  when,  wiped ;  and  it  is  more  economical  to  get  foil  which  is  too 
thick  than  too  thin,  for  it  requires  frequent  cleaning.  A  bit  of  platjnuin 
wire,  not  thicker  than  a  No.  10  needle,  and  20  c.m.  long,  will  last  a  long 
lime  with  careful  usage.  No  other  metal,  and  no  mixture  of  substances 
from  which  a  metal  can  be  reduced,  must  ever  he  heated  on  platinum 
foil  or  wire,  for  platinum  forma  alloyB  with  other  metals  which  nre 
much  more  fusible  than  itsel£    If  once  alloyed  with  a  baser  metal,  the 
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platinum  ceases  to  be  applicable  to  its  peculiar  nsea.  PlaUnftm  may 
be  cleaned  by  boiling  it  ja  either  nitric  or  chlorhydric  acid,  bj  fusing 
the  acid  aulpbate  of  sodium  or  potassium  upon  it,  or  by  scouring  it 
with  fine  sand.  A^ua  regia  and  chlorine-water  dissolre  platinum ; 
the  sulphides,  cyanides,  and  oxides  of  sodium  and  potassium,  when 
fiised  in  platinum  vessels,  slowly  attack  the  metal. 

14.  FiUe'ring. — Kltration  is  resorted  to  in  order  to  separate  a  finely 
divided  solid  from  a  liquid.  The  filter  may  he  made  of  paper,  cloth, 
tow,  cotton,  ashestos,  and  other  substances.  Paper  ia  the  substance 
oftenest  used.  A  good  filtering-paper  must  be  porous  enough  to  filter 
rapidly,  and  yet  aufiiciently  close  in  texture  to  retain  the  finest  pow- 
ders ;  and  it  must  also  he  strong  enough  to  bear,  when  wet,  the  pres- 
sure of  the  liquid  which  must  he  poured  upon  it.  For  delicate  experi- 
ments it  is  also  necessary  that  filtering-paper  should  contain  no  soluble 
salts,  and  but  a  very  small  proportion  of  incombustible  material,  which 
would  remain  as  ash  were  the  filter  to  be  burned.  Filtering-paper 
(which  is  generally  sold  in  sheets)  is  first  cut  into  circles  of  various 
diameters,  adapted  to  the  various  scales  of  operation  j^g_  XX. 
and  quantities  of  liquids  to  be  filtered.  To  prepare  a 
filter  for  use,  one  of  these  circles  is  folded  over  on  its 
own  diameter,  and  the  semicircle  thus  obtained  ia 
folded  once  upon  itself  into  the  form  of  a  quadrant ; 
the  paper  thus  folded  is  opened  so  that  three  thiek- 
neeses  shall  come  upon  one  side,  and  one  thickness 
upon  the  other,  aa  shown  in  Fig.  XX.;  the  filter  is 
then  placed  in  a  glass  funnel,  the  angle  of  which 
should  be  precisely  that  of  the  opened  paper,  viz.  60°; 
after  being  wetted,  it  ia  ready  to  receive  the  liquid  to  be  filtered.  The 
paper  may  be  so  folded  as  to  fit  a  funnel  whose  angle  is  more  or  less  than 
6(P ;  but  this  ia  the  most  advai'tageous  angle,  and  glass  funnels  should 
be  selected  with  reference  to  their  correctness  in  this  respect. 

Coarse  and  rapid  Altering  can  be  effected  with  cloth  bags,  p.  yyj 
also  by  plugging  the  neck  of  a  funnel  loosely  with  l^iw  or  ^ 
cotton.  If  a  very  acid  or  very  caustic  liquid,  which  would 
destroy  paper,  cotton,  tow,  or  wool,  is  to  be  filti;red,  the  beat 
substances  wherewith  to  plug  the  neck  of  the  funnel  are 
asbestos  and  gun-cotton,  neither  of  which  is  attacked  by 
Such  corrosive  liqmds. 

The  glass  funnel  which  holds  the  filter  generally  requires 
an  independent  support :  for  it  is  seldom  judicious,  or  pos- 
sible, to  support  the  funnel  directly  upon  the  vessel  which 
Kceives  Vbejiltrate,  as  the  clear  liquid  which  runs  through  the  filter  ia 
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railed.  The  iron  stand  may  be  ased  for  this  purpose;  and  wooden 
fitonds,  of  ft  similar  construction,  adapted  expressly  for  holding  funnels, 
are  very  convenient  and  not  expenaive.  In  general,  care  should  be 
talien  that  the  lower  end  of  the  funnel  touch  the  side  or  edge  of  the 
vessel  into  which  the  filtrate  descends,  in  order  that  the  liquid  may 
not  Qtll  in  drops,  but  run  q^uietly  down  without  splashing.  Sometimes 
there  is  no  objection  to  thrusting  a  funnel  directly  into  the  neck  of  a 
bottle  or  flask ;  but  in  this  case  an  ample  exit  for  the  air  in  the  bottle 
mnst  be  provided  (Fig.  XXI.). 

16.  Drymg  Owiei. — It  is  often  desirable  to  remove  the  aqueous  vapor 
which  is  mixed  with  gasea,  collected  over  water  or  prepared  from 
materials  containing'  water.  It  very  seldom  happens  that  a  gas  can  be 
prepared  at  one  operation  in  so  dry  a  state  as  to  contain  no  vapor  of 
water ;  this  vapor  must  ordinarily  be  removed  by  a  subae<tuent  or 
additional  process.  Experience  has  shown  that  some  gases  are  more 
easily  dried  than  others ;  thus  oir,  hydrogen,  and  common  oxygen  are 
thoroughly  dried  with,  great  ease,  but  gaseous  mixtures  which  con- 
fain  aotoaone  only  with  great  difficulty;  chlorine  is  three  times  as 
hard  to  dry  as  carbonic  acid.  These  and  similar  facts  must  be  bor^e 
in  mind  In  constructing  drying-apparatus.  The  common  drying-pro- 
cess depends  upon  bringing  the  moist  gas  into  contact  with  some  liquid 
or  sohd  which  greediiy  and  rapidly  absorbs  aqueous  vapor.  The  three 
substances  most  used  for  this  purpose  are  concentrated  sulphuric  acid, 
chloride  of  calcium,  and  dry  quicklime.  Sulphuric  acid  mav  be  used 
in  two  ways :  the  gas  may  be  made  to  bubble  through  a  few  centi- 
metres depth  of  the  liquid  acid,  or  it  may  be  forced  to  pass  through 
the  interstices  of  a  column  of  broken  pumice-atone  which  has  been 
previously  soaked  in  the  add.  The  latter  method  is  the  most  effectual, 
because  it  secures  a  more  thorough  contact  of  the  gas  with  the  hvgro- 
Ecopic  Kcid  than  is  possible  diiritig 
tlie  rapid  bubbling  of  the  light  gas 
through  a  shallow  layer  of  the  dense 
liquid.  The  column  of  fragments 
of  pumice-stone  may  be  held  in  a 
U-tube,  arranged  like  that  shown 
in  Fig.  XXII. ;  but  the  vertical  cy- 
linder shown  in  the  same  figure  is 
better  adapted  for  this  use,  because 
the  acid  as  it  becomes  dilute  fiom. 
absorption  of  moisture,  gradually 
trickles  from  the  pumice-stone,  and  ^ 
is  apt  to  collect  in  such  quantity  ai 
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the  bottom  of  the  U-tube  as  to  completely  close  the  tube.  In  preparing 
the  upright  cylinder  for  use,  the  portion  below  the  contraetion  is  not 
filled  with  pumice-stone ;  it  receives  the  drippings  from  the  pumice- 
stone  column.  The  gaa  to  be  dried  enters  by  the  lower  lateral  opening, 
and  goes  out  at  the  top  of  the  cylinder.  Though  especially  adapted 
to  the  column  of  acid-soaked  pumice-stone,  this  cylinder  may  very 
well  be  used  with  either  of  the  other  drying-agents,  chloride  of  cal- 
cium or  quicltUme.  Either  of  the  fonns  of  drying-tube  represented  in 
Fig.  XXII.  may  be  employed  with  these  latter  substances ;  in  charging 
the  horizontal  tuljes,  bits  of  loose  cotton-wool  should  first  be  pliwed 
against  the  exit-tnbe  to  prevent  any  particles  of  the  chloride  of  cal- 
cium, or  quicklime,  from  entering  that  tube ;  pieces  of  the  perfectly 
dry  solid  are  then  introduced  in  such  a  way  that  the  tube  may  be  com- 
pactly filled  with  tragments  -which  leave  room  for  the  gas  to  pass  very 
deviously  between  them,  but  offer  no  direct  channels  through  which 
the  gas  eould  find  straight  and  quicli  passage.  Quicklime  must  be 
chained  much  more  loosely  than  chloride  of  calcium,  because  of  its 
great  expansion  when  moistened.  Fused  chloride  of  calcium  ia  not  so 
well  adapted  for  drying  gases  as  the  unfused  substance.  It  is  not  at 
all  necessary  that  the  fragments  of  chloride  of  calcium,  or  quicklime, 
should  be  of  uniform  size.  When  the  tube  is  nearly  full,  a  plug  of 
loose  cotton  should  be  inserted  before  putting  in  the  cork.  A  chloride- 
of-caleium  tube,  once  filled,  will  often  serve  for  many  esperimeuts ; 
whenever  out  of  use,  its  outlets  should  be  covered  with  paper  caps ;  or, 
better,  caoutchouc  connectors  may  be  slipped  upon  the  exit-tubes,  and 
bits  of  glass  rod  thrust  into  these  connectors.  The  moisture  of  the  air 
is  thus  kept  from  the  chloride  of  calcium.  The  dimensions  of  drying- 
tubes  are  of  course  very  various;  the  bulb-tube  shown  in  Fig.  XXII. 
is  seldom  used  with  a  greater  length  than  25  cm, ;  when  this  form  of 
tube  is  employed  the  gas  should  invariably  ent«r  by  the  end  without 
a  cork,  where  the  small  size  of  the  tube  permits  direct  vyttt 

coanesion  with  a  common  gas-delivery-tube  by  means  *'?■  ^^^^  ' 
of  a  caoutchouc  connector;  the  other  horizontal  tube, 
shown  in  the  figure,  may  be  of  any  length ;  but  when- 
ever a  great  extent  of  drying-surface  is  necessary,  U-tubes 
have  the  advantage  of  compactness ;  for  many  can  bi* 
hung  upon  one  short  frame.  The  upright  cylinder  mav 
be  from  2fi  cm.  to  40  c-m.  in  height.  A  good  U-tube, 
with  an  addition  which  has  the  merit  of  economizmg 
chloride  of  calcium,  is  shown  in  Fig.  XXIII. ;  the  addi- 
tion conaista  of  a  short  test-tube,  into  which  the  tube 
by  which  the  gas  comes  in  barely  enters ;  a  quantity  of  water  is  often 
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caught  in  this  test-tube  which  otherwise  would  wet  and  spoil  ft  con- 
aidGraWo  amount  of  chloride  of  cakium;  the  little  test-tube  may,  of 
course,  be  taken  out  and  emptied  at  will 

The  choice  between  one  or  other  of  the  three  dr^^ing-substances  is 
determined  in  each  special  caae  by  the  chemical  relations  of  the  gaa  to 
be  dried ;  thus  ammonia-gas,  which  ia  absorbed  by  sulphuric  acid  and 
by  chloride  of  cnlcium,  must  be  dried  by  passing  it  over  quicklime, 
while  sulphurous  add  gas,  which  would  combine  with  ijulcklime,  must 
be  dried  by  contact  with  sulphuric  acid. 

J.  XXV. 
'.  XXIV. 


16.  Spring  Clip  and  Soreio  Comvresmi: — These  are  very  convenient 
substitutes  for  the  ordinary  stopcock,  and  as  such  are  in  constant  use 
in  the  laboratory.  Their  form,  and  the  manner  of  their  use,  will  be 
readily  understood  from  the  figures.  As  glass  stopcocks  are  expensive 
and  fragile,  and  metal  stopcocks  are  usually  out  of  the  question,  be- 
cause so  many  gasea  and  liquids  attack  the  common  metals,  these 
excellent  substitutes  ai'C  used  whenever  a  caoutchouc  tube  is  not  inad- 
missible ;  they  cannot  be  used  unless  a  bit  of  elastic  tubing  can  be 
inserted  mto  the  apparatus  which  rpquirea  a  cock. 

4nother  effective  mode  of  tempoiariU  stopping  or  partially  closing 
B  caoutchouc  tube,  is  to  slip  o^  er  the  tube  a  common  brass  ring  of 
about  the  same  diameter  as  that  of  the  tube,  and  then  tiD  thrust  a 
slightlv  conical  plug  of  hard  wood  or  ivoi  j  between  the  ring  and  the 
flexible  tube 

17  T^atei'haiJi — It  is  often  npcp'^siryto  evaporate  solutions  at  a 
moderate  temperature  which  can  peim<mpntly  be  kept  below  a  cerfjun 
known  limit,  thus  when  an  aqueous  solution  is  to 
be  quietl>  e^aponted  without  spirting  or  jumping, 
the  temp'-rature  of  the  solution  must  never  be  suf- 
fered to  nse  above  the  boiling-point  ot  water,  nor 
even  quite  to  rpach  this  point  This  quiet  evapom- 
tion  IS  btat  effected  by  the  use  of  a  water  bath~a 
copper  Clip  whose  top  is  made  of  couLcntric  rings  of 
diflerpnt  diameter*  to  adapt  it  to  diibes  of  various 
size  (Fig  X\V1 )    This  cup,  two-thiidi  full  of  water, 
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is  supported  on  the  iron  stand  over  the  lamp,  and  the  dish  contain- 
ing the  solution  to  be  evaporated  is  placed  on  that  one  of  the  several 
rings  wMch  will  permit  the  greater  part  of  the  dish  to  sink  into  the 
copper  cnp.  The  steam  rising  trom  the  water  impinges  upon  the 
bottom  of  the  dish,  and  brings  the  liquid  within  it  t«  a  temperature 
which  inaurea  the  evaporation  of  the  water,  but  will  not  eausa  any 
actual  ebullition.  The  water  in  the  copper  cup  must  never  be  allowed 
to  boil  away.  Whenever  a  constant  supply  of  steam  is  at  hand,  as  in 
buildingB  warmed  by  steam,  the  copper  cup  above  described  may  be 
converted  into  a  steam-hath  by  attaching  it  to  a  steam-pipe  by  means 
of  a  small  tube  provided  with  a  stopcock. 

A  cheap  but  serviceable  water-bath  may  be  made  from  a  quart 
milh-ean,  oil-can,  tea-cannister,  or  any  similariy  shaped  tin  voEsel,  by 
inserting  the  stem  of  a  glasa  funnel  into  the  neck  of  the  can  through 
a  well-fitting  cork.  In  this  fiinnel  the  dish  cont^ning  the  liquor  to 
be  evaporated  rests.  The  can  contains  the  water,  which  is  to  he  kept 
just  boiling.  On  account  of  the  shape  of  the  funnel,  dishes  of  various 
sizes  can  be  used  with  the  same  apparatus. 

The  copper  vessel  first  described  may  be  conveniently  employed 
when  it  ie  required  to  expose  substances  to  a  constant  temperature 
higher  than  100°.  For  this  purpose  the  cup  is  filled  with  oil,  was, 
paraffine,  or  a  solution  of  chloride  of  zinc  or  chloride  of  calcium ;  the 
flask  or  dish  containing  the  substance  to  be  heated  should,  in  this  case, 
be  immersed  in  the  fluid  to  about  two-thirds  of  its  depth ;  a  thermo- 
met«r  must  be  nsed  to  indicate  the  temperature  of  snch  a  bath.  'W  hen 
oil,  wax,  or  parafiitte  is  used,  the  temperature  must  not  be  carried  so 
high  as  to  bum  or  decompose  these  organic  matters,  else  a  very  dis- 
gusting vapor  will  be  produced, 

18.  Iroa  MefoH. — A  retort,  made  of  iron,  of  the  form  shown  in 
Fig,   XXVII.,  is  a  convenient  utensil 

in  making  large  quantities  of  oxygen,  ^S-  SXVII, 

and  in  preparing  illuminating-gss  ( 
marsh-gas.  The  iron  top  is  fitted  to  the 
retortwith  a  ground  joint,  fastened  by  f 
screw-clamp.  When  the  top  is  removed, 
the  whole  inner  surface  of  the  retort  if 
exposed — a  decided  advantage  wherever 
the  residue  left  in  the  retort  after  use  is 
solid.  A  retort  of  about  -300  c.  c.  capa- 
city i»  amply  laige  for  most  uses,  A  small  ir 
retort ;  the  lid  must  be  luted  on,  and  the  n 

18    Self-regulating  Gaii-ge»erator. — An  apparatus  which  ii 
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ready  to  deliver  a  constant  Btream  of  hydrogen,  and  yet  doea  not 
generate  the  gas  except  when  it  is  immediately  wanted  for  use,  is  a. 
great  convenience  in  an  active  laboratory  or  on  a  lecture -table.  The 
same  remark  applies  to  the  two  gases  swlphydric  acid  and  carbonic 
acid,  which  are  likewise  used  in  considerable  quantities,  and  which  can 
be  conveniently  generated  in  precisely  the 
same  form  of  apparatus  which  is  advan- 
tageous for  hydrogen.  Such  a  generator 
may  be  made  of  divers  dimensions.  The 
following  directions,  with  the  accompany- 
ing figure  (Fig.  XXVlir.),  will  ennble  the 
Btudent  tfl  construct  an  apparatus  of  con- 
venient size.  Procure  a  glasa  cylinder  2 
or  25  cm,  in  diameter  and  30  or  35  e.m, 
high;  ribbed  candy-jars  are  sometimes  to 
be  had  of  about  this  size ;  procure  also  a 
etout  tubulated  bell  glass  10  or  12  cm. 
wide  and  5  or  7  cm.  shorter  than  the  cy- 
linder. Get  a  basket  of  sheet-lead  75  cm. 
deep  and  2'5  c-m.  narrower  than  the  hell- 
glass,  and  bote  a  number  of  small  holes  in 
the  sides  and  bottom  of  this  buaket.  Cast 
a  circular  plate  of  lead  7  m.m.  thick  and  of  a  diameter  4  cm.  larger 
than  that  of  the  glass  cylinder ;  on  what  is  intended  for  ita  under  side 
solder  three  equidistant  leaden  strips,  or  a  continuous  ring  of  lead,  to 
keep  the  plate  in  proper  position  as  a  cover  for  the  cylinder.  Fit 
tightly  to  each  end  of  a  good  brass  gaa-cock  a  piece  of  brass  tube  8  cm. 
long,  1'6  to  2  cm,  wide,  and  stout  in  metal.  Perforate  the  centre  of 
the  leaden  plate,  so  that  one  of  these  tubes  will  snugly  pass  through 
the  orifice,  and  secure  it  by  solder,  leaving  6  cm.  of  the  tube  project- 
ing below  the  plate.  Attach  to  the  lower  end  of  "this  tube  a  stout  hook 
on  which  to  hang  the  leaden  basket  By  means  of  a  sound  cork  and 
common  soaling^wajt,  or  a  cement  made  of  oil  mixed  with  red  and 
white  lead,  fasten  this  tube  into  the  tubuJature  of  the  bell  glass  air- 
tight, and  so  firmly  that  the  joint  will  bear  a  weight  of  2  or  3  kilos. 
Hang  the  basket  by  means  of  copper  wire  within  the  bell  6  cm.  above 
the  bottom  of  the  latter.  To  the  tube  which  extends  above  the  stop- 
cock attach  by  a  good  cork  the  neck  of  a  tubulated  receiver  of  100  or 
160  c  c  capacity,  the  interior  of  which  has  been  loosely  stufied  with 
cotton.  Into  the  second  tubulature  of  the  receiver  tit  tightly  the  de- 
livery-tube carrying  a  caoutchouc  connector ;  into  this  connector  can 
be  fitted  a  tube  adapted  to  convey  the  gas  in  any  desired  direction 
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To  ehftrge  the  apparatua,  fill  the  cylinder  with  dilute  aeid  to  within 
10  or  12  cm.  of  the  top,  place  the  zinc,  sulphide  of  iron,  or  marble,  as 
the  case  may  be,  in  the  basket,  hang  the  haaket  in  the  bell,  and  put 
the  hell-glaaa  fuU  of  air  into  its  place  with  the  stopcock  closed.  On 
opening  the  cock,  the  weight  of  the  acid  expels  the  aiv  from  the  bell, 
the  acid  comes  in  contact  with  the  solid  in  the  basket,  and  a  steady 
supply  of  g03  18  generated  until  either  the  acid  ia  aatui'ated  or  the 
solid  dissolved ;  if  the  cock  be  closed,  the  gas  aecumulatea  in  the  bell, 
and  pushes  the  acid  below  the  basket  so  that  all  action  ceases.  In 
cold  weather  the  apparatua  must  be  kept  in  a  warm  place.  For  gene- 
rating hydrogen,  sulphuric  acid  diluted  with,  four  or  five  parts  of  water 
is  used;  for  aulphjdric  aeid,  sulphuric  acid  is  diluted  with  fourteen 
parts  of  water;  for  carbonic  aeid,  ehlorhjdric  aeid  diluted  with  two  or 
three  parts  of  water  is  to  ba  preferred. 

20.  Glass  Retorts,  Flasks,  Bealta'e,  Test-tiAes  and  Teat-glassea.^AU 
glass  veeaels  which  are  meant  for  uae  in  heating  liquids  must  have 
uniformly  thin  bottoms.  Tubulated  retorts  are  much  more  generally 
useful  than  those  without  a  tubulature.  As  retorts  are  expensive  in 
comparison  with  flasks,  they  are  less  used  than  formerly. 

The  neck  of  a  flask  should  have  such  a  form  that  it  can  bo  tightly 
closed  by  a  cork,  and  the  lip  must  be  streng'thened  to  resist  the  force 
used  in  pressing  in  the  cork,  either  by  a  rim  of  glass  added  on  the 
outside,  or,  better,  by  causing  the  rim  itself  to  flare  outward.  The 
actual  edge  of  the  rim  must  never  be  sharp  or  rough,  but  always  smooth 
and  rounded  by  partial  fusion.  The  thin-bottomed  flasks  in  which 
oEve-oil  is  sometimes  imported  irom  Italy  are  excellent  for  chemical 
uses;  their  edges  always  require, however,  to  ba  rounded  in  the  lamp. 
These  Florence  flasks,  which  are  very  much  to  be  recommended  both 
on  the  ground  of  cheapness  and  of  durability,  may  be  cleaned  by 
soaking  them  24  hours  in  a  weak  caustic  lye,  and  then  washing  them 
with  boiling  water.    . 

Beakers  are  thin  flat-bottomed  tumblers  with  a  slightly  flaring  rim. 
They  are  to  be  bought  in  sets  or  neata  which  sometimes  include  a  lai^ 
range  of  sizes.  The  small  sizes  are  very  useful  vessels ;  the  large  are 
so  fragile  as  to  be  almost  worthless.  Up  to  the  capadty  of  about  a 
litre,  beakers  are  to  be  recommended  for  heating  liquids  whenever  it  ia 
an  object  to  have  the  whole  interior  of  the  vessel  readilj'  aecessible. 

Test-tubes  are  little  cylinders  of  thin  glass,  with  round,  thin  bottoms, 
and  lips  slightly  flared.  Their  length  may  be  fi-om  12  cm.  to  18  cm., 
and  their  diameter  1  cm.  to  2  cm. ;  they  should  never  have  a  dia- 
meter so  lai^  that  the  open  end  cannot  be  closed  by  the  ball  of  the 
thumb.    To  hold  the  tubes  upright  a  wooden  rack  is 
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siiea  the  row  of  holes  to  receive  a  dozen  teat-tubes  bottom  down,  the 
rack  should  have  a  row  of  pegs  on  which  the  teat-tubes  may  be  in- 
verted when  not  in  use ;  in  thia  position  the  water  in  which  they  are 
rinsed  drains  off,  and  dust  cannot  be  deposited  within  the  tubes.  Test- 
tubes  are  much  weed  for  heating-  small  quantities  of  liquid  over  the  gas- 
01'  spirit-lamp  ;  they  may  generally  be  held  by  the  upper  end  in.  the 
fingers  without  inconvenience,  but  if  a  liquid  is  to  be  boiled  for  some 
minutes  in  a  test-tube,  the  tube  must  be  held  in  wooden  nippers,  or  ia 
a  atrip  of  thick  folded  paper,  nipped  round  the  tube  and  grasped  be- 
tween the  thumb  and  fore  finger  just  outside  the  tube.  The  wooden 
nippers  above  mentioned  are  made  of  two  bits  of  wood  about  30  cm. 
lo  g  hing  d  together  at  the  back,  and  at  once  connected  and  kept  apart 
by  a  hdn  g  steel  or  brass  spring,  somewhat  like  those  used  on  certain 
pn  hears  and  some  kinds  of  steel  nippers.     When  a  liquid  is 

b  lu  a  vely  in  a  test-tube,  it  sometimes  happens  that  portions  of 
h  h  1  quid  are  projeeted  out  of  the  tube  with  some  force ;  the 
p  hould  therefore  hold  the  tube  in  an  inclined  position,  rolling 

a  i  ht  extent  between  the  thumb  and  fore  finger  in  order  that 
all  sides  of  the  tube  may  be  equally  exposed  to  the  flame ;  while  thus 
using  the  tube,  he  should  be  careful  not  to  direct  it  either  towards 
himself  or  towards  any  other  person  in  his  neighbourhood.  Test-tubes 
are  cleaned  by  the  aid  of  ojlindrical  brushes  made  of  bristles  caught 
between  twisted  wires,  like  those  used  tor  cleaning  lamp-chimneys ; 
they  should  have  a  round  end  of  bristles. 

Two  precautions  are  invariably  to  be  observed  in  heating  glass  and 
porcelain  vessels  of  whatever  form :  first,  the  outside  of  the  vessel  to 
be  heated  must  bemade  perfectlydiy;  secondly,  the  temperature  must 
not  be  raised  too  rapidly.  When  a  lai^e  flask  or  beaker  containing  a 
cold  liquid  is  first  warmed  over  a  lamp,  moisture  almost  invariably 
condenses  upon  the  bottom  of  the  vessel ;  this  moisture  should  be 
wiped  ofi'  with  &  cloth. 

Stout  conical  glaaaea  with  strong  stems  and  feet  are  convenient 
for  many  uses  not  involving  the  application  of  heat.  They  are  called 
test-glasses,  and  may  be  had  of  various  shapes  and  sizes.  It  is  obvious 
that  cheap  wine-  or  beer-glasaes  and  common  jelly-tumblers  would 
answer  the  purposes  which  these  test-glassea  serve. 

21,  Measuring-glasses  and  Burefiea. — Measuring-glasses,  divided  into 
cubic  centimetres,  are  made  in  the  cylindrical  form,  and  also  in  tha 
flaring  shape  common  in  druggists'  measuring-glasses;  the  cylindrical 
form  is  to  be  preferred.  Such  a  glass  of  250  c.  c,  or  better  of  500 
c  c.  capacity,  is  a  very  useful  implement ;  a  flask  holding  just  one 
litre  when  filled  to  a  mark  upon  its  neck  is  also  convenient.    Smallet 
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XIX  HEADISQ  BCHETTES. 

quantities  of  liquid  are  measured  -with  burettes,  Mohr's  burette  L 
the  most  generally  useful  of  all  forms  of  this  inatru-  pj„  XXIX 
ment  (see  Fig.  XXIX.,  the  right-hand  instrument) ;  '^' 

it  is  »  graduated  tube  drawn  to  a  small  bore  at  the 
bottom ;  a  caoutchouc  connector  is  slipped  upon  the 
bottom  of  the  tube,  a.  short  bit  of  tube  drawn  to  a 
fine  point  is  thrust  into  the  lower  end  of  Urn  con- 
nector, and  a  spring  clip  nipa  the  connector  between 
the  two  glass  tubes.  The  spring  clip  closes  the  bot- 
tom of  the  burette,  but  it  can  of  course  be  opened 
at  will  to  permit  the  liquid  in  the  burette  to  flow  or 
drop  out.  The  caoutehonc  affects  injuriously  some 
of  the  li<imdB  which  are  used  in  burettes;  sothat  tiis 
.  common  form  of  Mohr's  burette  ia  not  always  ajpli- 
cabie.  To  avoid  this  diiEculty  the  instrument  may 
be  made  with  a  glass  cock,  but  is  then  rather  costly, 
Gay-Lussac's  burette  is  available  whenever  the  caoutchouc  in  Mohr's 
burette  is  objectionable.  The  construction  of  Gay-Lussac's  bnrette  is 
pl^nly  to  be  seen  in  the  figure  (aeo  Fig.  XXES.,  the  left-hand  instru- 
ment); ft  narrow  tube  runs  up  beside  the  large  graduated  tube  to  the  top 
of  the  latter,  and  the  liquid  can  ho  poured  out  in  drops  by  gently  in- 
clining the  instrument.  Ita  fl-agilityis  a  serions  objection  to  this  form 
ofburette;  the  danger  of  breahiiig  off  the  small  tube  is  lessened,  if  a 
Bmall  piece  of  cork  be  inserted  between  the  two  tubes  at  the  top,  and 
a  stiing  tied  round  them  both.  A  wooden  foot  in  which  it  may  stand 
upright  upon  a  table  is  a  convenient  addition  to  Gay-LuHsac's  burette. 
Mohr's  burette  must  be  held  upright  in  a  suitable  screw  clamp,  or 
be  fastened  on  to  a  wooden  frame  in  such  a  manner  that  the  tube  shall 
be  vertical,  firm,  and  at  the  same  time  easily  detached.  The  fineness  of 
measurement  may  be  increased,  without  impairing  the  distinctnesaof  the 
scale,  by  reducing  the  bore  of  the  burette.  For  delicate  work,  burettes 
divided  into  tenths  of  a  cubic  centimetre  are  employed.  The  way  in 
which  the  reading-off  is  efiected  is  a  matter  of  importance  in  using  a. 
burette ;  It  is  essential,  1st,  that  the  burette  should  be  vertical ;  2ad, 
that  the  eye  should  be  brought  to  a  level  with  the  surfeee  of  the  fluid; 
Srd,  that  a  flsed  standard  should  be  adopted  of  what  is  to  be  consi- 
dered the  surface.  If  a  burette,  partly  tilled  with  a  liquid,  be  held 
between  the  eye  and  a  white  wall,  the  surface  of  the  liquid  presents 
a  light  line  which  is  nearly  level,  and  just  below  this  line  a  second 
line,  which  is  dark  and  curved  with  the  convexity  downward.  If  a 
sheet  of  white  paper  be  held  immediately  behind  the  tube,  these  two 
lines,  though  somewhat  altered  in  appearance,  are  still  distinctly 
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viaible.  Tliey  may  be  made  still  more  distinct  by  using  Instead  of 
white  paper  a  card  lialf  white,  half  black,  -with  a  atraig-ht  dividing  Ijn^ 
between  the  two  colors.  On  holding  this  card  with  the  white  hab 
uppermost,  and  the  border  line  between  white  and  black  li'om  2  to  ! 
m.m.  below  the  lowest  viaible  dark  line,  two  zonea  are  brought  out, 
a  light  zone  and  a  dark  zone,  and  the  lower  limit  of  tho  dark  zone  ia 
made  very  distinct.  Care  must  be  taken  to  hold  the  card  invariablj 
in  the  same  relative  position,  since,  if  it  be  held  lower  down,  the  lower 
border  of  the  dark  zone  will  move  higher  up.  In  practice  the  lower 
border  of  the  dark  zone  is  read  off  as  the  surface  of  the  liquid,  this 
being  the  moat  distinctly  marked  line.  There  ia  one  exception  to  this 
rule  i  when  an  opaque  solution  of  permanganate  of  potassium  is  to  be 
measured  in  Gaj-Lussac's  buirette,  the  upper  border  of  the  dark  zone 
must  be  held  to  be  the  Burface  of  the  liquid ;  in  this  case  it  is  best  to 
place  the  burette  against  a  white  background. 

The  zero  of  the  graduated  scale  on  a  bwotte  is  always  near  the  top 
of  the  twbe.  In  order  to  fill  Mohr's  burette,  the  poiut  of  the  instru- 
ment is  dipped  into  the  liquid,  the  spring  dip  opened,  and  alittle  liquid, 
sufficient  at  least  to  reach  into  the  burette  tube,  ia  sucked  up  by  ap- 
plying the  mouth  to  the  upper  end ;  the  spring  clip  is  then  closed,  and 
the  liquid  poured  into  the  burette  through  the  upper  end  until  it  baa 
risen  a  little  above  the  zero-line.  By  opening  the  spring  clip,  the 
liquid  is  then  allowed  to  drop  out  until  the  exact  level  of  the  zoro-line 
is  reached.  The  instrument  is  then  ready  for  use.  When  a  quantity 
of  liquid  baa  been  allowed  to  flow  out  of  a  burette  thus  filled,  and  the 
operator  desires  to  read  off  the  amount  used,  he  must  wait  a  few 
moments  to  ^ve  the  particles  of  fluid  adhering  to  the  sides  of  the 
emptied  portion  of  the  tube  time  to  run  down.  Thia  remark  applies 
to  all  fonns  of  burette.  Erdmanu's  swimmer  is  an  excellent  addition 
to  Mohr's  burette.  It  ia  a  cylindrical  glass  float  of  such  a  v,  idth  as 
nearly  to  fill  the  burette,  but  yet  so  loosely  as  to  float  j^^  XXX. 
freely  up  and  down  with  the  liquor.  To  aet  the  instrument 
at  zero  a  ring  cut  round  the  swimmer  ia  brought  to  eom- 
cide  with  the  line  0  engraved  on  the  burette.  The  abso- 
lute height  of  the  liquor  in  the  burette  is  to  be  disregarded 
In  order  to  read  the  height  of  the  liquor  in  the  burette  at 
any  time,  it  is  only  necessary  to  note  that  line  on  the  scale 
■with  which  the  mark  cut  round  the  float  coincides 

22.  J(pe((es.— Pipettes  are  tubes  drawn  to  a  pomt,  and 
sometimes  fumiahed  with  a  bulb  or  a  cylindrical  enlarge- 
ment    They  are  chiefly  used  to  snck  small  quantities  of  fluid  out  of 
a  vessd  without  disturbing  the  bulk  of  the  liquid.    Figure  XXX.  re- 
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presenta  three  fonns  of  pipette ;  the  form  with  the  lower  end  bent 
upwards  is  iiaed  to  introduce  liquids  into  a  hell  or  bottle  of  gas  stand- 
ing over  mercury.  Pipettes  gruduated  into  cubic  centimetres,  or  holding 
a  certain  number  of  cubic  centimetres  when  filled  to  a  mark  on  the 
stem  a  e   ften  conven  ent 

2S  ff  A  lottle—A  wash  bottle  s  a  f1a,k  with  a  ua  f  rmlv  th  n 
bottom  closed  w  th  a  ound  cork  or  caoutch  c  stopper  thro  h 
wb  ch  pfl^s  two  glass  t  be  as  ihow]  n  F  g  XX\I  The  oute 
end  of  th  1  nger  t  be  g  drawn  to  a  mod  ratelv 
fine  po  nt  A  h  rt  ben  1  near  the  bottom  of  th 
1  nger  tube  n  tl  e  a  n  pi  ne  and  du  ct  on  aa  tl  e 
upper  bend  9  of  son  p  se  beea  ise  t  enables  the 
op  rafor  to  empty  the  fl  Iv  n  ore  on  pleteJj  1  \  n  1  n 
mg  it  By  blow  ng  n  o  the  al  o  t  t  be  a  stream  ot 
■water  will  be  dnyen  out  of  the  long  tube  with  consi- 
deraljle  foroe.  This  force  with  which  the  stream  is 
projected  adapts  the  apparatus  t«  remoyiag  precipitates 
from  the  sides  of  vessels  as  well  as  to  washing  them  on 
filters.  For  use  in  analytical  operations,  it  is  often  ' 
conyenient  to  attach  a  caoutchouc  tube  12  or  15  cm. 
long  to  the  tube  through  which  air  is  blown;  this 
flexible  tube  should  be  provided  with  a  glass  mouthpiece  about  3 
long.  As  the  wash-bottle  is  often  filled  with  hot  o 
■water,  it  may  be  improved  by  binding  about  its  neck  a  ring  of  cork,  o 
winding  closely  round  the  neck  a  smooth  cord.  It  may  then  be  fiandled 
without  inconyenience  when  hot. 

24.  Poreelain  Dishes  mid  Cnidbles. — Open  dishes  which  will  hear 
heat  without  crandting  are  necessary  implements  in  the  lahorstoty  for 
conducting  the  evaporation  of  liquids.  The  best  eyoporating-dishes 
are  those  made  of  Berlin  porcelain,  glazed  both  inside  and  out,  and 
provided  with  a  little  lip  projecting  beyond  the  rim.  The  dishes  made 
of  Meissen  porcelain  are  not  glazed  on  the  outside,  and  are  not  so 
durable  as  those  of  Berlin  manufacture;  but  they  are  much  cheaper, 
and  with  proper  care  last  a  long  time.  The  small  Berlin  dishes  will 
generally  bear  an  evaporation  to  dryness  on  the  wire  gauze  over  the 
open  flame  of  the  gas-lamp ;  tho  Meissen  dishes  do  not  so  well  endure 
this.severe  treatment  Evaporating-diahes  are  made  of  all  diameters, 
&om  3  cm.  to  45  cm. ;  they  should  be  ordered  by  specifying  the  dia- 
meter desired.  The  large  sizes  are  expensive,  and  not  very  durable; 
they  should  never  he  used  except  on  a  sand-bath.  Dishes  of  German 
earthenware  are  as  good  as  porcelain  for  many  uses,  and  are  much  to 
be  recommended  in  place  of  the  large  sizes  of  porcelain  dishes. 


1  boiling 
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Very  thic,  highly  glazed  porcelain  eruoiUea  with  grazed  covers  are 
made  both  at  Berlin  and  at  Meissen  near  Dres<!uii ;  they  are  indispen- 
Bohle  implements  to  the  chemist.  In  general,  the  Meissen  crudbUe  are 
thinner  than  the  Berlin,  but  the  Berlin  crucibles  are  somewhat  Jess  ■ 
liable  to  crark ;  both  kinda  are  glazed  inside  and  out,  except  on  the 
outside  ol  the  bottom.  Orudbles  should  be  ordered  by  specifying  the 
diameters  of  the  sizes  desired ;  they  are  to  be  had  of  nearly  a  dozen 
diHerent  sizes,  wilh  diameters  varjing  from  2  cm.  to  9  cm.  The 
smnJlest  and  largest  sizes  are  little  used ;  for  most  purposes  the  best 
si^es  are  those  between  3  cm.  and  5  cm.  in  diameter.  As  the  covers 
ticB  much  less  liable  to  be  broken  tlum  the  crucibles,  it  is  advantageous 
to  buy  more  crucibles  than  covers,  whenever  it  is  possible  bo  to  do. 
Porcelain  crucibles  are  supported  over  the  lamp  on  Ml  iron-wire  tri- 
angle ;  thev  must  always  be  gradually  heated,  and  never  brought  sud- 
denly into  contact  with  any  cold  substance  while  they  are  hot. 

25,  Riiiffs  to  support  roand-boUomed  vessels. — It  is  often  necessary  to 
support  globes,  round-b attorned  Hasks,  evaporating-dishes,  and  round 
receivers  in  a  stable  manner  upon  the  table  or  other  flat  surface.  For 
this  purpose  rings  are  used  made  of  braided  straw,  or  of  straw  wound 
about  ft  core  of  straw,  or  of  tin  woirad  with  listing  or  coarse  woollen 
cloth.  The  material  of  which  these  rings  are  made,  or  with  which 
they  are  covered,  ought  to  be  ft  substance  which  does  not  conduct  heat 
well,  because  one  of  the  chief  uses  of  these  rinifS  is  to  receive  hot 
vessels  just  removed  from  the  lamp  or  sanii-batii.  A  hot  flask  or 
dish  would  almost  certainly  be  broken,  if  it  were  placed  upon  the  cold 
surface  of  a  good  conductor  of  heat.  The  student  must  never  touch 
a  hot  vessel  with  cold  water,  or  bring  it  into  sudden  contact  with  a 
surface  of  marble,  iron,  copper,  or  other  conductor  of  heat. 

26.  Crticib/es.—V or  use  in  a  coal  fire  there  are  three  good  kinds  of 
crucibles,  each  of  which  has  its  own  merits  which  recommend  it  for 
certain  purposes.  The  Hessian  crucibles  are  sold  in  nests  containing 
from  3  to  10  crucibles;  there  are  10  sizes,  which  vary  from  3  to  25 
c.m.  in  height  They  generally  have  a  triaugtdar  form,  and  will  with- 
stand a  very  high  temperature,  if  they  are  warmed  before  being  put 
in  the  fire.  They  are  not  sold  with  covers ;  but  covers  may  be  bought 
Beparately,  or  a  triangular  piece  of  sonpstone  may  be  very  conveniently 
used  as  a  cover  for  these  crucibles.  Hessian  crucibles  are  cheaper 
than  any  other  kind,  and  are  therefore  the  most  used.  The  IVeneh 
crucibles,  called  Beaufay  crucibles,  are  admirable,  but  too  dear  for 
common  use.  They  have  a  tall,  narrow  form,  a  smooth  surface,  and  a 
small  lip ;  covers  for  the  crucibles  are  sold  separately.  The  crucibles 
we  sold,  not  in  nests,  but  singly  j  there  are  22  sizes,  which  vary  from 
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4  to  40  cm.  in  height  Thoy  are  highly  refractory.  Plumbago  cni- 
ciUes  are  used  for  the  fusion  of  the  most  ro&actorj  metab— gold,  eiUer, 
copper,  brass,  steel,  iron,  and  ao  forth ;  they  resist  better  than  any 
other  crucibles  the  combined  action  of  a  very  hi^h  temperature  and  a 
strong  flui;  and  as  they  are  not  liable  to  crack,  they  may  often  be 
nsed  many  iimea  without  risk.  Their  first  cost  is  higher  than  that 
of  any  other  crucibles.  Crucibles  are  mainly  used  foi'  the  fusion  and 
reduction  of  metals;  but  there  ate  also  many  chemical  compounds 
which  can  only  be  prepared  at  the  very  high  temperatures  which  by  the 
use  of  crucibles  we  aie  able  to  command.  Although  crucibles  often 
withstand  the  most  sudden  chajigea  of  temperature,  it  is  neverlheless 
expedient  aa  a  general  rule  to  heat  up  a  crucible  graduallv,  and  to  pre- 
viously warm  a  charge  which  is  to  be  placed  in  a  crucible  already  hot.  If 
a  coldcrucibleis  to  be  introduced  into  a  fire,  it  should  first  be  placed  in 
the  leaat  hot  part  of  the  fire  and  gradually  brought  into  the  hottest  part. 

27.  Tonff}    and    Pincers.—"  ' 
crucibles  are   handled  by  me 
of  tongs  of  various  shapes  and  " 
Mzes,  according  to  the  weight  ai 
nature  of  the  vessels  to  be  lifted. 
Fig.  XXXII.  represents  two  good  < 
forms  of  stout  iron  tongs  for  lifting 
Lu^  crucibles  out  of  a  coal  fire.    The  m 
understood  Irom  the  figure. 

Small  porcelain  crucibles  are  bandied,  when 
hot,  by  means  of  small  steel  or  iron  tonga,  auch   . 
as  are  represented  in  Fig.  XXXIII.  ^^*'=^^^^^^^^^j 

Small  steel  pincers  (jewellers'   tweezers)  are 
applied  in  the  laboratory  to  a  great  variety  of  naes. 

28.  Mortars. — Iron,  porcelain,  and  agal*  mortars  are  used  by  che- 
mists to  reduce  solids  to  powder.  An  iron  mortar  is  useful  for  coarse 
work,  and  for  effectang  the  first  rough  breaking  up  of  substances  which 
are  subsequently  powdered  in  the  porcelain  or  agate  mortar.  If  there 
be  any  riak  of  fragments  being  thrown  out  of  the  mortar,  it  should  be 
covered  with  a  cloth  or  piece  of  stiif  paper,  having  a  hole  in  the 
middle  through  which  the  pestle  may  be  passed.  Pieces  of  stone, 
minerals,  and  lumps  of  brittle  metals  may  be  safely  broken  into  frag- 
ments suitable  for  the  morbu'  by  wrapping  them  in  strong  paper, 
laying  them  so  enclosed  upon  an  anvil,  and  striking  them  with  a  heavj' 
hammer.  The  paper  envelope  retains  the  bi-oken  particles  which 
toight  otherwise  fiy  about  in  a  dangerous  manner  and  be  lost. 

The  best  porcelain  mortars  are  those  known  by  the  name  of  Wedge- 


sr  of  using  them  is  readily 

Fig.  xxxin. 
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wood-wure ;  but  there  are  many  cheaper  subatitutes.  Porcelain  mor- 
tars will  not  hear  shai'p  and  heavy  blowa ;  they  are  intended  rather  for 
grinding  and  trituration  than  for  hammering;;  thepeatle  may  either  be 
iormed  of  one  piece  of  porcelain,  or  a  piece  of  porcelain  cemented  to  a 
wooden  handle ;  the  latter  is  the  less  desirable  form  of  pestle.  Un- 
gUzed  porceltun  mortal  are  to  be  preferred.  In  selecting  mortars,  the 
following  points  should  be  attended  to : — Ist,  the  mortar  aUoiild  not  be 
porous ;  it  ought  not  to  absorb  strong  acids  or  any  colored  fluid,  even 
if  such  liq^uids  be  allowed  to  stand  for  hours  in  the  mortar ;  2Qd,  it. 
should  be  very  hard,  and  its  pestle  should  be  of  the  same  hardness  ; 
3rd,  it  should  be  sound ;  4th,  it  should  have  a  lip  for  the  convenience 
of  poui'ing  out  liquids  and  fine  powders.  As  a  rule,  porcelain  mortars 
will  not  endure  sudden  changes  of  temperature.  They  may  be  cleaned 
by  nibbing  in  them  a  little  sand  soaked  in  nitric  or  sulphuric  acid,  or, 
if  acids  are  not  appropriate,  in  caustic  soda. 

Agate  mortars  are  only  intended  for  trituration;  a  blow  would  break 
them.  They  are  exceedingly  hard,  and  impermeable.  The  materiiil  is 
sa  precious  and  so  hard  to  work,  that  agate  mortars  are  always  small. 
The  pestles  ace  generally  inconveniently  short, — a  difficulty  which  may 
be  remedied  by  fitting  the  agate  pestle  into  a  wooden  handle. 

In  all  grinding-operations  in  mortars,  whether  of  porcelain  or  agate, 
it  is  expedient  to  put  only  a  small  quantity  of  the  substance  to  be 
powdered  into  the  mortar  at  once.  The  operation  of  powderinjt  will 
be  facilitated  by  sifting  the  matter  aa  last  as  it  is  powdered,  returning 
to  the  mortar  the  particles  which  are  too  large  to  pass  through  the 

29.  Spatula, — For  tronsfciring  substances  in  powder,  or  in.  stobII 
grains  or  ciyatals,  from  one  vessel  to  another,  spatulfe  and  scoops 
made  of  lioi-n  or  hone  are  convenient  tools.  A  coarse  hone  paper- 
knife  makes  a  good  spatula  for  laboratoij  use.  Cards  free  irom  glaze 
and  enamel  are  excellent  substitutes  for  spatuls. 

30.  Thermometers. — Thermometers  intended  for  chemical  use  must 
have  no  motal,  and  no  wood  or  other  oripinic  material  upon  their  outer 
surfaces;  their  external  surfaces  must  be  wholly  of  glass.  The  best 
thermometers  are  straight  glass  tubes,  of  uniform  diameter,  with  cy- 
lindrical instead  of  spherical  bulbs,  and  having  the  scale  engraved  upon 
the  glass ;  such  instruments  can  be  passed  tightly  through  a  cork,  and 
are  free  from  many  liabilities  t«  error  to  which  thermometers  vriti  paper 
or  metal  scales  are  always  exposed.  A  cheaper  kind  of  thermometer, 
having  a  paper  or,  better,  enamel  scale  enclosed  in  a  glass  envelope,  will 
answer  for  most  experiments. 

31.  Famacea. — For  all  common  fusions,  an  anthracite  or  coke  fire 
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in  an  ordinary  cylinder  stove  will  suffice.  The  chafing-dish,  or  open 
portable  stove,  such  as  ia  used  by  plumbers  for  example,  is  very  con- 
venient for  operations  which  require  leas  heat.  The  clay  bucketa  used 
83  open  furnaces  are  better  than  the  iron  ones,  because  they  told  the 
heat  better. 

Charcoal  ia  the  fuel  used  in  these  open  fires.  A  very  useful  accom- 
paniment to  these  portable  furnaces  is  a  piece  of  straight  stave-pipe, 
about  60  cm.  long  and  10  cm.  wide,  and  flaring  out  below  like  a  fun- 
nel until  it  is  wide  enough  to  cover  the  top  of  the  furnace.  This  con- 
trivance powerfully  increases  the  draught,  and  is  used  to  urge  the  fire 
during  kindling,  or  to  intensify  it  while  a  fusion  ia  in  progress.  With 
a  furnace  of  this  description  there  is  no  difficulty  in  keeping  a  small 
crooible  white-hot  tor  a  short  time. 


THE  METRICAL  SYSTEM  OF  WEIGHTS  AND  MEASURES. 

The  metrical  system,  employed  in  the  afiairs  of  every-day  life  by 
moat  of  the  nations  of  continental  Europe  and  by  scientific  writers 
throughout  the  world,  is  based  upon  a  fundamental  unit  or  measure 
of  length,  called  a  metre.  This  metre  is  defined  as  the  40-millionth 
part  of  the  circnmference  of  the  earth,  or,  in  other  woi'da,  of  a  "great 
circle"  or  meridien;  its  length  was  originally  determined  by  actual 
measurement  of  a  considerable  arc  of  a  meridian ;  but  the  various  mea- 
surements heretofore  made  of  the  length  of  the  earth's  meridian  differ 
slightly  from  each  other,  and  it  is  to  be  expected,  and  indeed  hoped, 
that  the  steady  improvements  of  methods  and  instruments  will  make 
each  successive  determination  of  the  length  of  the  meridian  better 
than,  and  therefore  different  from,  the  preceding.  It  is  therefore 
necessary  to  define  the  standard  of  length,  by  legislation,  to  be  a  certain 
rod  of  metal,  deposited  in  a  certain  place  under  specified  guaranties, 
and  to  secure  the  uniformity  and  permfineuce  of  the  standard  by  the 
multiplication  ot  exact  copies  in  safe  places  of  deposit. 

From  this  single  quantity,  the  metre,  all  other  measures  are  deci- 
mally derived.  Multiplied  or  divided  by  10, 100, 1000,  and  1,0  forth, 
the  metre  supplies  all  needed  linear  meaaurea,  and  the  square  metre 
and  cubic  metre,  with  their  decimal  multiples,  supply  all  needed 
measures  of  area  or  surfiice  on  the  one  hand,  and  of  solidity  or  capa- 
city on  the  other. 

From  the  unit  of  measure  to  the  unit  of  weight  the  transition  ia 
admirably  simple  and  convenient.  The  cube  of  the  l-hnndiedth  of  the 
linear  metre  is,  of  course,  the  millionth  of  the  cubic  met»» ;  its  bidk  is 
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about  that  of  a  lai-ge  die  of  the  common  back-gammon  tofiid.  Tbia 
littlp  cube  of  pure  water  is  the  universal  unit  of  weight,  a  fframme, 
whipli,  decitnally  multiplied  and  divided,  is  made  to  eip'eaa  all  weights. 
The  numbers  expressing  all  weights,  from  the  least  to  the  greatest, 
find  direct  expression  in  the  decimal  notation ;  the  weights  used  in 
different  trades  only  differ  from  each  other  in  being  different  decimal 
multiples  of  the  Bamo  fundamental  unit;  and  in  eoinpjiring  together 
weights  and  volumes,  none  but  easy  deeimal  computations  are  ever 
necessary. 

The  nomenclature  of  the  metrical  system  is  extremely  simple ;  one 
general  principle  applies  to  each  of  the  following  tables.  The  Glreek 
prefixes  for  10,  100,  and  1000,  viz.  deca,  heclti,  and  kilo,  are  used  to 
signify  multiplication,  while  the  Latin  prefl.tes  for  10.  100,  and  1000, 
viz.  deci,  centi,  and  miUi,  are  employed  to  express  subdivision.  Of  the 
names  thus  systematically  derived  from  that  of  the  unit  in  each  table, 
many  are  not  often  used ;  the  names  in  common  use  are  those  printed 
in  small  capitals.  Thus,  in  the  table  for  linear  measure,  only  the 
metre,  kilometre,  centimetre,  and  millimetre  are  in  common  use,— 
the  first  for  such  purposes  as  the  English  yard  subserves,  the  second 
instead  of  the  English  mile,  the  third  and  fourth  in  lieu  of  the  fracliona 
of  the  English  foot  and  inch. 

LINE  Alt  MEASUEB. 


Divisions.. 

J   Cl\TnilTlE 

_ 

001    orl-KWth    of  a  metre. 

■|Dn.m,etre 

01      or  HOlh      of  a  metre. 

Unit 

Metue 

1- 

f  DefBinctre 

i.  Hectometre 

10- 

100' 

[       ILUUEThE 

■ACE 

1,000- 

r  Millimetre  square 

=            0-000,001  of  a  metre  square. 

Dmsiong.. 

..  i  Centimetre  square 

OWO,!      ofametresqimre. 

[  DeciniGt.-H  square 

=            0  01           of  a  metre  square. 

Unit 

....METHKSqUailB 

=            1-               metre  squarS". 

CUBIC  MEASDHB. 

Cubic  Metre. 

fCuMo  Millimetre 

0-000,000,001 

Diriflions.. 

.  \  Cubic  Centimetre 

0000,001 

I  Cubiti  Decimetre 

=                                 0-001 

Unit 

....Cubic  Metue 

f  Cubic  Decametre 

=                          1,000- 

Multiples.. 

.  \  Cubic  Hectometre 

1,000.000- 

[  Cubic  Kilometre 

=             1,000,000,000- 

I,  Google 


The  table  for  land-mensute  we  oinit,  aa  having  no  conneiion  with 
our  subject.  For  the  measuremiait  of  wine,  beer,  ci),  grain,  and  simi- 
lar wet  and  dry  substances,  a  smaller  unit  than  the  cubic  metre  b 
desirable.  The  cubic  decimetre  has  beoa  selected  as  a  special  standard 
of  capacity  for  the  measiu-ement  of  substances  such  as  are  bought  and 
iold  by  the  English  wet  and  dry  measures.  The  cubic  decimetre  thus 
used  is  called  a  litre. 

CAPACITY  MEASUBB. 

Litres.  Cubic  Metre. 
fMillilitre       =         0-001  =  0-OClU,001  =  1  cubic  cenHmef re. 
EiTisions...  I  Centilitre      -         O'Ol    -0000.01 
1  Decilitre        -         0-1      -  0000,1 

■pnit        Lithe  —  1-        =  0-001         =  1  cubic  decimetre. 

f  Decalitre        -        10-        =001 
Multiples ..-!  HECTOLrpBE  =      100"        =0-1 

[  Kilolitre        =  1,000-        =1'  =1  cubic  metre. 

The  table  of  weights  bears  an  intimate  relation  to  this  table  of 
capacity.  As  already  mentioned,  the  weight  of  that  die-sized  cube,  a 
cubic  centimetre  oi  millilitre  of  distilled  water  (taken  at  4°,  its  point  of 
greatest  density)  constitutes  the  metrical  unit  of  weight.  Thisweight 
is  called  a  gramme.  From  the  very  definition  of  the  gramme,  and  from 
the  table  of  capacity-measure,  it  is  clear  that  a  litre  of  distilled  -water 
at  4°  -win  weigh  1000  giammes. 

WEIGHTS. 
Ctrannnes. 

rMTLLICKlMUF     =  Q-OOl 

Ideiurijime     -  01 


f  Deciignrmne     =        10- 
Multiples..-^  Hctogramme  -     100- 

[Kilogramme      ^  1,000-      —  1  cubic  decimetre  of  water  at  4°. 

The  eimplieity  and  directness  of  the  relations  between  weights  and 
ToluBies  in  the  metrical  system  can  now  he  more  fully  explained. 
The  chemist  ordinarily  uses  the  gramme  as  his  unit--weig:ht,  and  for 
his  unit  of  volume  a  cubic  centimetre,  which  is  the  bulk  of  a  gramme 
of  water.  For  coarser  work,  the  kilogramme  becomes  the  unit  of 
weight,  and  the  corresponding  unit  of  measure  ia  the  litre,  which  is 
the  bulii  of  a  kilogramme  of  water.  In  cominercial  dealings,  in  ma- 
nufacturing-processes, and,  above  all,  in  scientific  investigations,  these 
simple  relations  between  weights  and  measures  have  been  found  to  be 
an  inestimable  advantage.  The  numerical  expressions  for  nieti-ical 
weights  and  measures  may  always  be  read  aa  decimals.    Thus  5-12I3 


sd  by  Google 


TUBKJIOMEIEES 

metres  will  be  read  five  metres  and  one  tundred  und  twenty-six  thou- 
Eandths,  and  not  five  metres,  one  decimetre,  two  centimetres,  and  six 
millimetres.  The  expression  10-6  gTa^iimea  is  read  fen  Bud  live-tentlis 
grammes ;  jnat  aa  we  say  one  hundred  and  five  dolluK,  not  ten  eagles 
and  five  dollars;  or  sixty-five  cents,  not  six  dimes  and  five  cents.  All 
computations  under  the  metrical  system  are  made  wilh  decimals  alone. 
The  abbreviations  commonly  met  with  in  chemical  literature  are : — 
m.m.  for  millimetre ;  c  m  for  centimetre ; 

m.  for  metre ,  c  c  for  cubic  centimetre, 

grm.  for  gramme  kilo  for  kilogramme 

The  use  (f  the  niPtncal  system  of  weii^htg  and  measures  m  the 
arts  and  trades  has  been  legal  zed  both  in  the  United  Sta,tes  and  in 
Great  Britain  The  United  Statei  onin  composed  of  copper  and 
nickel,  of  the  denommatioii  5  c  nte,  and  date  18t)6,  is  2  c  m  m  diame- 
ter, and  weighs  5  grms. 


TABLE  for  the  Cotiwrsion  of  Degrees  on  the  Centigrade  Thermometer 
into  Begrem  of  Fafir^iheit'a  Scale. 


Cent. 

Fahr. 

Cent 

Fahr. 

c™i. 

Eabr. 

CenL 

F^b.. 

-58 

-5S-0 

-"§ 

-28.2 

-1 

1?.6 

i8 

6l-4 

-49 

-a  2 

-28 

-18'4 

-  7 

194 

14 

57-2 

-48 

-^4 

-27 

-lfr6 

-  e 

21'2 

15 

59'0 

-47 

-&"( 

-26 

-14-8 

-  6 

23'0 

16 

60-8 

-46 

-50  S 

-25 

-IS'O 

_  4 

24'8 

17 

62'6 

-45 

-49  0 

-24 

-11-2 

-  3 

2oe 

18 

64-4 

~4i 

-4  '> 

-23 

-  9-4 

-  2 

28-4 

19 

66-2 

-4= 

-46  4 

-"3 

-  7-6 

-  1 

30-2 

20 

68-0 

-4^ 

-43  6 

-21 

-  5.8 

0 

32'0 

21 

.    69-8 

-41 

-418 

-20 

-  4'0 

+  1 

33'8 

23 

71-0 

-40 

-40-0 

-19 

-  2-2 

2 

36-6 

23 

73-4 

-30 

-382 

-18 

-  0-4 

S 

37'4 

24 

75-2 

-38 

-%4 

+  1-4 

4 

25 

77-0 

-"7 

-34b 

-16 

3.2 

6 

41.0 

78-8 

-J6 

-3^8 

15 

5-0 

6 

42'8 

27 

80-6 

-36 

-310 

-14 

6-8 

7 

44-G 

28 

82-4 

-34 

-2^1 

8'6 

8 

46-4 

29 

84-2 

-ts 

-'>74 

10'4 

9 

30 

86-0 

-32 

-^5  6 

-11 

12  2 

10 

60-0 

31 

87'8 

dl 

-"18 

-10 

14-0 

11 

51-8 

89-6 

-30 

-22  0 

-  9 

15'8 

12 

53-6 

33 

91-4 
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THEEMOJIErEES  COMPARED. 

TABLE  {continued). 


io-S  1 .  9 


172-4 
174-2 
1760 
177-8 
179-6 
181-4 
183-2 
185-0 


194-0 
195-8 
197-6 


12^  25i-6 


276-0 
276-8 
278-6 


147 

29(j-6 

n^-'>i 

148 

298-4 

V,-?H1 

149 

150 

S02-0 

'm-P' 

151 

803-8 

m\-A 

152 

305-6 

S07-4 

154 

309-2 

2ai-8 

155 

3110 

240-8 

160 

320-0 

242-6 

161 

S21-8 

244-4 

162 

323-6 

246-2 

163 

325-4 

248-0 

164 

327-2 
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IHEBMOMBTEBS  COHPAKED 

TABLE  {continued). 


Cent. 

Fahr. 

Cent           Fehr. 

Cent          Fahr. 

Cen. 

rah.. 

210 

4100 

23§ 

4654 

266 

610-8 

294 

56f-2 

211 

411-8 

239 

463-2 

267 

612-6 

295 

663-0 

213 

41;>G 

240 

464'0 

268 

614-4 

296 

564-8 

213 

41o-4 

241 

465-8 

616-2 

297 

666-6 

314 

417  3 

243 

467-0 

270 

618-0 

298 

5(S-4 

216 

419  0 

343 

271 

619-8 

299 

670-2 

216 

430  8 

344 

471-2 

272 

621-6 

300 

572-0 

217 

422  D 

245 

473-0 

273 

623-4 

301 

573-8 

318 

424  4 

246 

474-8 

274 

525-2 

303 

576-6 

219 

4215  3 

247 

476-6 

275 

627-0 

303 

677-4 

220 

428-0 

348 

478-4 

276 

628-8 

304 

579-2 

221 

439  H 

249 

480-2 

277 

630-6 

805 

681-0 

223 

4.116 

250 

482-0 

278 

632-4 

306 

582-8 

22J 

433  4 

251 

483-8 

279 

634-2 

807 

684-6 

234 

4^5  2 

252 

485-6 

280 

630-0 

308 

586-4 

235 

437  0 

253 

487-4 

281 

637-8 

588-2 

326 

43b  8 

254 

489-2 

282 

539-6 

310 

590-0 

237 

440  6 

255 

491-0 

283 

641-4 

311 

691-8 

443  4 

256 

492-8 

284 

543-2 

313 

593-6 

329 

4442 

257 

494-6 

285 

545-0 

313 

595-4 

230 

446  0 

258 

496-4 

286 

546-8 

814 

697-2 

231 

447  8 

498-2 

287 

543-6 

316 

699-0 

449  6 

260 

500-0 

288 

550-4 

816 

600-8 

233 

4614 

261 

601-8 

652-2 

317 

602-6 

2AI 

455  3 

262 

503-6 

290 

554-0 

318 

604-4 

235 

456  0 

605-4 

291 

665-8 

319 

606-2 

456  8 

264 

607-2 

292 

657-6 

320 

608-0 

237 

458  G     265 

509-0 

293 

559-4: 
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t*j,  Compound  namea  a^ 
ohJoride  ot  sodium,  for  esa 
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perties,  eomp.  for  compositi 
nmnerals  refer  to  the  Appet 


ind  under  the  first  word  of  the  name — 
der  chloride,  eulphiirie  seld  under  3ui- 
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ACBTATB  of  aluminum,  518. 

Aluminum,  aburdance  of,  512. 

lead,  499. 

alloys  of,  513. 

Acetates  ol  copper,  569. 

bronze,  613. 

Acetic  acid,  prep,  from  wood,  298. 

prop,  of,  613. 

Alums,  atomic  volumes  rf,  56a 

451.                                       '        ' 

class  of,  559. 

Amalgam  of  ammonium,  137. 

Affinity,  use  oi  the  term,  101. 

gold,  588,  590. 

Air,  i-omp.  of,  6-10. 

sodium,  94. 

not  an  element,  10. 

tin,  577. 

dieplaoing  of,  5. 

Amalgams,  576. 

a  miiture,  S7. 

Ammonia,  analysis  of,  77. 

phjTBical  prop,  of,  6. 

eomp.  of,  81. 

presence  of,  4. 

clectrolTfiis  of,  78. 

quanti^  neccifSBry  for  eomplefe 

occ.  of, '83. 

combustion,  S61, 

phjsical  prop,  af,  76,  77. 

reaction  witbi)itricoxide,50,e7. 

prep,  ot,  75. 

weight  ot,  6, 

solubility  in  miler,  7ft 

Alabaster,  476. 

sources  of,  84. 

Alcohol,  from  the  fermentation  of 

syntliesis  of,  79. 

sugar,  328. 
AlcoEol-lamp  flame,  347. 

Alialies,  the  caustic,  41)2,  416,  418. 

oiides.  13a 

definition  oi,  6a. 

prep,  of,  6i. 

Altslimetrj,  419. 

u.seLt,S4. 

Ammonium,  83. 

Alkaline  reaction,  53. 

amalgam,  1S7. 

Alkaloids,  organic,  absorbed  bj  char- 

tbesupposedinetal, 457. 

coal,  308. 

'  test  for,  694. 

Alum,  517, 

Analysis,  definition  of.  3. 

in  bread,  399. 

qualitatire,  419. 

a  method  of  se- 

Alum-cake,  517. 

ra  £; 

Alumina,  514. 

Alnminates  oi  the  alkalie?,  515. 

sL-e. 
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Analvsis  of  organic  compounds,  566. 

volumetric,  42a 
Animal  charcoal,  deeolorizing  power 

of,  309. 
Animala  and  pUnta,  reciprocal  ac- 


Antim 
Aatin 


teofar 
B,  275. 


QOnj,  273. 

ioid,  374. 
Antimoniuretted  hydrogen,  269. 
Antimouj,  aliojs,  ^iOS. 

alloys  wifli  zinc,  269. 

Woom,  273! 
distinguislied  from  a: 

nie,  270. 
MtracHon  of,  266. 


P", 

Antozonides.  153. 
Aqua  regiiL,  104. 
ArgBjid  burner,  345,  346. 
AiraKonite  and  oalc-spar  compared, 

469 
Arseniatea.  isomorplious  witb  phos- 
phates, 252, 
Arsemc,  detection  of  the  poison,  252. 
determination  of  ila  atomio 

weight,  262. 
distinguished    from    antl- 
monj,  270. 


oco.  of,  341. 
prop,  of,  242. 
unit-Tolume  weight,  242. 


™ifir,  i; 


lio  acid,  hydrates  of,  251. 

prep,  of,  250. 

reductjon  of,  252. 

salts  of.  253. 

usee  of.  252. 

lioal  pyrites,  241. 

lions  acid,  antidote  for.  250. 

B  poison,  250. 

reduetion  of,  248. 

BolubllilT  of,  249. 

sources  of,  346. 

two  varieties  of,  246. 

uses  of.  250. 

iuretted  hjdrogi^n,  Hualysis  of. 

Ashestos,  platinize 
Atomic  heats  of  ct 


Atomi 


elements,  i 


Tolume,  201. 


ight,  aualogj  a  guide  in 
determining,  514. 
Atomic  weights,  deSnilion  of.  Si- 
mutual  comparison 

of,  462. 
practical  UBS  of,  100. 
tahle  of,  597. 


Eihasic  acids,  defined,  191, 
Biborate  of  sodium,  408. 
Bicarbonate  of  ammonium.  4 


Bicliloride  of  platinu 

tin,  584 

Bichromate  of  potassi 
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Blnoiideolth,  581. 

Bromiencid  1" 

BiBmuth,  eitraction  of,  281. 

Bromide   of  a  uraon  um       Bed     n 

mukes  fusible  dloye,  382. 

plot        phy  4j 

prop,  of,  281. 

araen        1 3 

Baits.  283. 

oadn  um  used  apho- 

fog-aphv  4o7 

nilroge     1  i 

Bisulphide  of  oarbon.3G.1. 

potas   um  425 

and  nitric  oiide, 

si  CO     38t. 

mi. 

sWr  4f? 

Bisulphide  of  iron,  549. 

so  linn    394 

Bromhies,  fo  mation  of  1  >0 

of     di  e    loJ 

Bifalent  metals,  73. 

jlo  pious,    40 

Black  baU.  397. 

Bromine,    m  th  r  1  ]  ors    of    sftlt 

Bluet-lead.  290. 

Blast  fnmnoe,  iron,  working  of, ')"  i 

o7  afW"'"'^'' 

p  oi   o(  110 

Bleaching  by  chloride  of  lime,  483. 

uses' of,  120. 

chlorine,  112. 

Bronze,  ''64. 

ozone,  143. 

Brmze-powder,  582. 

Bulphuroua  acid.  180 

Bulb^  blowing,  T. 

Bleaohing-powder,  482. 

B  ,n-^n  a  burner,  344,  Ti 

Blistered  steel,  641. 

Bu  ette-  iiis. 

Bloom,  635. 

howtomi,isa. 

Bloomary,  535. 

read,  m. 

Blowers,  riii. 

Blowpipe  with  gas  and  air,  35a 

CADitiDX,  eitraotion  of,  509. 

Blowpipe,  Bunsen's  gas-,  viii. 

matesfiisible  alloys,  510. 

mouth-,  351. 

prop,  of,  510. 

oiidizing  aame  of,  353. 

unit-TOlume   weight   hall 

redueing  flame  o^  853. 

its  atomic  weight.  510. 
Cffisium,  446. 

BwUr-scale,  468,  479. 

Cukflreous  waters,  468,  479. 

Bons-ash,  214. 

Calcined  magnesia,  502. 

Calclum-aame,489. 

Bonc-phosphata  of  calcium,  481. 

light,  47. 

Bone.,  dislillaldon  of,  84.  310. 

the  metal,  486. 

Bwaoioacid,  comp.of,367. 

Oalc-spar  and  arraeouite  compared. 

eitraelion  of,  365. 

469. 

prop,  of,  368. 

Calomel,  573. 

strong  at  high 

Candle-flameg.  349. 

Candles  are  gas-burners,  347. 

Borai,  aa  ft  blowpipe-test,  409. 

Caoutchouc  m  sheet*,  li. 

two  forms  of,  408. 

stoppers,  li. 

uies  of,  409. 

Bwon,  allotropic  states  of,  366. 

Carbon,  allotropic  modifications  o^ 
atomic  weight  of.  317. 

Bili«m,372. 

ita  atom  hypothetical,  3ia 

Brass,  564. 

comiiounds  with  nitrogen, 

Bread,  raising  with  ehemicala,  399. 

363. 

Bi-eaking  up  stones,  xiuv. 

dimorphous,  293. 

Britannia  metal,  S^. 

for  galvunio  batteries,  293. 

Bromhjdric  acid,  120. 

occ  of,  287. 
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Cnrbon,  vapor-denBity  hypothetical, 

»16. 
Carbonate  of  ammonium  .commercial, 
441. 
oalcium,  dissolyes  in  wa- 
ter containing 
carbonic  acid,  467. 


magnesium,  504. 
patassium,  prop,  of,  415. 
pare,  bohi-cb 
of,  424. 
uses  of,  416. 
and     hydro- 
gen, 416. 
EOdima,     sources      and 
uses,  ;m. 
and  hydrogen,  398. 
Carbonates,  334. 

allinliiie,   impurities  of, 
419. 
Curlxmic  acid,  32 1 . 


Carbonic  ojade,  .^ep.  of,  3,'i3. 
prop,  of,  3'd8. 
a    reducing    agent, 
339. 
Carboretted  hjdrogen,  decomposed 

by  beat,  344. 
Carmine-lafee,  616. 

impurities  of,  539. 
Tarieties  of,  638. 
Catiatio  alkalies,  strong  bases,  418. 
Caustic  potash,  417. 
soda,  403. 

adyaatsgeoi 
405. 

Cement  copper,  56S. 
Ceisent,  Eoman,  521, 
Cerium,  561. 
Chalk,  322.467. 
Chameleon-mineral,  532. 
Cliareoal  absorbs  gases,  303. 

different   gasea   in 
''■'"       tpropor- 


comp.  of,  333. 
decomposed   by 

carbon,  53a. 

potassium,  33 


of. 


306. 


occ  of.  327. 
prop,  of,  323, 
solid,  330. 
solubili^  of,  326. 
sources  of,  in  the  air, 
329. 

test  for,  32i'. 
de,  comp.  of,  341. 
dissociation  of,  340. 
economy  in  burning 

it,  3fii. 
heating  lalue  of,339, 


s,  305. 
ition  of  gases. 


a  disinfectant,  307. 
hot,  decomposes  steam,  301. 
physical  prop,  of,  300. 
prep,  of;  296,  297. 
a  reducing  agent.  301. 
remores  colors,  308. 
satbility  of,  303. 
Chemical  changes.  2. 

combination,  32. 

and  solution 
eompared,38. 
force,  32. 
strength.  418. 
Chemistry,  subject-matter  of,  1. 
Chili-saltpetre.  51. 
Chimneys  create  draughts,  S55. 

on  fire,  how  to  put  out, 


178. 
use  of,  S54. 
Chlorate  of  potassium,  an  Ingredient 
of  explosive 


prep,  of,  434, 
435. 


Chloraurates,  5 
Chloriiydrio  acid,  40. 

analysis  of,  G2. 

comp.  of,  GO. 

electrolysis  of,  94. 


;.lo,Ck)OglC 


corx.  xlvii 

0>ii.  -1^  .^f  golrl,  689,  590. 


Cblorhydric  aoid,  prep,  <y'.  I"'.. 

iron,  550. 

prop,  of,  92. 

merourj,  573,  574. 

BjnthesiBof.'ib. 

phoaphorus.  236. 

usea  of,  103. 

terfihloride, 

Chlorio  aeld,  117. 

236, 

Chloride.  deSnitlon  of  term,  109. 

quii-C[uic(-lr. 

ride,  237. 

plafinunl,  593. 

dis30Ciation 

Bclonium,  201. 

Of,  239. 

tin,  583. 

prep,     of, 

Cailorimetrj,  4S5. 

114. 

Chlorine,  action  on  ammonia,  113. 

wucoes  of, 

atomic  weight  of.  97. 
bleaches,  112. 

uBesof,440. 

burns  in  hydrogen,  110. 

combustion  in,  110. 

boron,  369. 

decomposes  water,  111. 

bromine,  123. 

disinfecui,  113. 

oaloium,482. 

esplosiTemiiturewitliby 

used  for  dry- 

drogen, 103. 

ing     gases, 

occ.  of,  106. 

482. 

osidizirg  action  of,  112. 
physical  prop,  of,  i07. 
prep,  of,  105.  106. 

tube,  »v. 

carbon,  363. 

gold,  used  ill  p>iotogra- 
phy,  457,  459. 

'XS."""'"'-'" 

1«.^,498. 

lime,  482. 

pot^issiuni,  535. 

magnesium,  503. 

unites  with  metals,  109. 

nitrogen,  114. 

-water.  107. 

potassium,  424. 

Chloroform,  formula  ot  319. 

Chloroplatinalea,  596. 

water,  334. 

Chlorous  acid,  117. 

prep,  of,  383. 

Cliromates,  526. 

alver,  effect  of  light  on. 

456. 

-green,  523. 

occ  of,  460. 

-iron  ore,  532. 

reduction     of. 

-yellow,  527. 

461. 

Chromic  aoid,  525. 

solvents  for,  456. 

Chromium,  oec.  of,  522. 

Bodlum,  392. 

Cinnabar,  570. 

BoluMH^  of, 

Citrate  of  magnesium,  5M. 

ClassiScation,  598. 

sulplmr,  197. 

Clay,  519. 

zinc,  508. 

Cleavage,  157. 

a  diainfectent,  509. 

Coal,  Ktuminous,  2D4, 

ChlorideB  of  antimonj,  275. 

dietilklion  of,  293. 

terehloride, 

rarietiea  of.  293.  294. 

275. 

Coal-gas,  comp.  of,  3m 

purification  of,  473,  646. 
Coal-tar.  313. 

ride,  276. 

ehromiom,  523. 

Cobalt,  556. 
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Cooliioeal,  tiiicttire,  pveuai'atlon  of, 

431. 
Cote,  293.  204. 

conducts  heat,  294. 
Cold,  greatest  Hrtifioial,  57. 
Collodion.  457. 
Colloida,  255. 
Columbium.  685. 
Combinfttioa  b^  volume,  203. 
Combining  weights  of  compounds 


CombuBtion  deStiifa^n  of  15 

f  342  352. 
C0H5  229 


Copper,  alloys  of,  564. 

eitractfon  of,  581 

occ  of,  502. 

prop,  of,  6t!3, 

pyriles,  562. 
Copperas,  551. 
Cork-cutters  or  borers,  rii. 
Corks,  li. 

Correlation  of  force.  507. 
Corrosire  sublimate,  574. 

antidote  for,  575. 
Cream  ot  tartar,  424. 
Crucibles,  Beaufay,  IIes.iiai].  plum- 
bago, sjiiii. 

material  of,  520. 
Cryolite.  391. 

Cryfltallino    iorm,    a    guaranty    of 
-  irity,  435. 


157. 


a  of 


by  fusion,  156. 
sis  systems  of,  158. 
CtystaUoids,  254. 


Crj-.iqtals,  four  methods  of  ol)f I'iiifng, 

161. 
Cupelktion,  494. 
Cjanhydrio  acid.  363. 
Cyanide  of  potosslum,  formation  of, 


Deflaeradng  inoon,  sa. 
Defl.gration  302. 
Deo  lorjzmg  by  charcoal,  306. 
chlorine,  113. 
Destruction  of  organic  matter  in  CMes 

ofpoisonmg  JS>7. 
Detection  of  arsenic,  252-262. 
Developers,  a  term  of  photography, 

4o& 
Devitrifl-ation  413. 
Dialysis,  2  )4 

applied  to  detection  of  poi- 
sons, 256. 
Dialyzer,  255. 
Diamond,  289. 
Diehloride  of  copper,  567. 
sulphur.  197. 
Dichromate  of  lead.  627. 
Didjmium,  561. 
Diffusion  of  carbonic  acid,  325. 
gases,  43,  326. 

rapidity  of,  323. 
Dimorphous  subatfliice,  dtfined,  159, 
Dioside  of  copper,  504. 

mercury,  571. 
Direct  combination,  404. 
Disinfectant^  cliarcoal,  306. 

chloride  of  zinc.  508. 
chlorine,  112,  113. 
hypochlorite     of     cal- 
cium. 482. 
J,  144. 


permangarate  of  potat- 


Id  b,  Google 


DiBhllaHon,  the  proca^i  of.  34. 

Ferrous  aulpfiate,  551. 

Dolomite-  503. 

dyeing  blactwith.  553. 

Dijing-apparatua,  uiii. 

sulphide,  prep,  of,  647-^9. 

gases,  iiii. 

Pilfering,  iiii. 

lued   for, 

Filtprti,  how  to  fold,  raii. 
Filtrate,  definition  of,  nii. 

p      teriog,  475. 

Fire-brick,  520. 

Duakti      rmulK.,  87. 

Fireddmp,  314. 

F   K      E    W   RB,  520. 

purple.  436. 

Eli  rv  ^    g  Hquids.  327 

red.  4t^. 

Meo    oys     of  ammonia, 

78. 

white,  263. 

chlorhjdn 

c  acid,  94. 

marsh-gas 

317. 

intensity,  346, 

luminosity  of.  343. 

oxidizing,  353. 

tatwries,  507. 

pnt  out  by  good  coiiduclors. 

aUTar 

-plating. 

357-359. 

46 

quantity,  346. 

use  of  graphil*, 

reducing,  353. 

290. 

structure  of,  48,  348-350. 

Eleolro-plating,  463,  .568 

590. 

Flaming  fii-es.  360, 

Element,  definition  of  S. 

Flasks.  SK.-iii. 

Elements  are  bodies  incapable  of  de- 

Florence a.  .k-s,x>rriii. 

composition,  33. 

Finn  boric  acid,  371. 

Fiuorhydrie  aeid,  136. 

E[}sam  salts,  503. 

action    on   silios. 

Equations,  chemical,  90. 

137. 

Erbium,  561. 

Fluoride  of  boron  370 

Erdmann's  swimmer,  in 

calcium  136. 

Etching  slass,  138. 

Bihcon  its  reaction  with 

Eyaporatmg-diefieB,  xi\i 

water  i'W. 

Explosion  of  osjgen  and 

hydrogen 

prep  of   «6. 

48. 

Tolumetnecomp.  of,38T. 

311 

Blnonne  li 

haid  to  get  and  keep,  136. 

Peldsp*!!,  375,  519. 

iL.  of  136 

Fluo- 1  cites  j'^f) 

IiWio  chloride,  650. 

Fluo  iheio  acid  prep  of,  388. 

bTdrate,  used   in 

purifying 

a  reagent  for  polac- 

gas,  546. 

sium  salts,  390. 

nitrate,  554. 

au.B0t  11«. 

oxide,  543. 

Flux  u=ed  in  smelting  iron-ores,, '536. 

corrodes  orffani"  mat- 

ter, 544 

borax  409 

reduct 

on  of,  544. 

cyanide  of  potassium,  427. 

wlte,  547. 

limestone,  536. 

wlphale.  554. 

sulphate  of  potassium  and 
Eydrogen,  428. 

,556. 

Ferrocyanide  of  polassiu 

n,427. 

tartar,  ignited,  424. 

Ferrous  chloride,  550. 

FormuLe.  empirical  and  rationaJ,  86. 
molecular,  208. 

nitrate,  554. 

oside,  543. 

Foundry-fiicings,  291. 

Fi-ee  gases  exist  as  molecules,  208. 
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1  INI 

Freezing-apparatus,  77. 

inist.ures,  see  Ksfrigerating. 
FrlBtion-inatclies,  211. 
Fulminating-ailver.  455. 
Fusibla  alloys.  510. 
Fumaees,  uxt. 

Gat,e«a,  490,  497. 
SAlvaiiio  cuiTBnt,  506. 
Gas,  iltumioating.  293, 397,  320. 
Gas-burners,  346. 
^rbon,  292. 

-geoBrator,  Balf-regulatiag,  iivi. 
-Solders,  sviii. 
-lamps  for  heating,  344. 
Gaj-Lussao'a  burette,  x^x. 
German  silver,  5.')7.  564. 
Gilding,  590. 
Glass  of  aatimotw,  277. 
Glass,  colored,  413. 
coinp.  of,  412. 
etehing  of,  133. 
not  insoluble,  411. 
yarietJas  of,  412. 
Qlast  beakers,  iiriii. 

cutting  and  orackiog  of,  i. 
flasta,  siriii.^ 
rotorls,  sxviii. 

tubing,  banding,  drawing  and 
closing,  iii.-v. 
heating  of,  iii. 
sizes  and  qualities  of,  i. 
GUuber'ssiai;,305. 

solubility  of,  395. 
BupcrsatuPBted   solu- 
tion of,  396. 
Glaiea— lead,  feldspar,  salt,  520. 
Gluoinum,  622. 
Gold,  aUoys  of,  591. 
coin,  591. 
oec  of,  587. 
prop,  of,  538. 
salts,  590. 

aeparation  from  silver  allojs, 
464. 

silver        and 
copper,  o89, 
solution  of,  589. 
Golden  sulphide  of  antimony.  279. 
Graduation,  392. 

Gramme,  definition  of,  19,  sisviii. 
Graphite,  290. 

artifioU,  293. 
in  cast  iron,  53S. 


Graphite, 

use  in  electro-mefa 

Graphitic 

a/d,  :292. 

Graphon, 

293. 

Gray  iron 

538. 

Green  vitriol,  551. 

Grey  autimouy,  277. 
Group,  the  altnli,  464. 

calcium,  489. 

chlorine,  133. 

magne»uum,  61 L 

nitrogen,  2^5. 

sesquioiide,  560. 

sulphur,  202. 

Groups,  priueiplas  oonceming,  135. 

table  of,  593. 
Giin-metol,  564. 
Gunpowder,  ooiup.  of,  432. 

manufacture  of,  433. 
products  of  oombuatioD 
of,  433. 


Hahd  wafer,  463,  479. 
Hartshorn,  84. 

Heat,  relation   to    chemical   force, 
418. 
unit  of,  45, 
Homologous  ssries,  313. 
Hydrate  of  aluminum,  514 

calcium,  472. 

copper,  566. 

iron,  545. 

potassium,  416. 

sodium,  prep,  of,  402. 
type  of  bases,  403. 
nydraulic  cement.  504,  521. 
Hydrocarbons,  312. 
Hydrogen  chemical  affect  of  129 

deriTcd  from  water  22 

difEusiv6powecot.4J  44. 

espbave    miiture  with 
oivgen  45  49 

heating  p  wer  of  4o 

mfliranable  44 

peroi  de  jl     0     1 
phy  ical  prop  f  f  41 

'  ---    —    makmg. 


40 
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Hydrogen,  standard  of  specific  gra 

Fypobromous  Bc  1   12^ 
Hypoohloric  acid  1!7 
Hypochlorite  of  caloium  482 
HjpocMorous  aoid.  lid 
Hjpomtrio  amd,  comp  of  fil 
prep  of  C2 

Hypophosplufes,  22"< 
Hypophosphoroie  and  j27 
Hyposulphite  of  aoi!  um    prep  of 

tograpby  41J  4jU 
Hyposulphilfls  116 
Hypoaulphurous  ac  d  196 

loB,  cpystols  of  31 

lighter  than  water  21 
Ignition-tube  defin  tion  of  8 


we 

Inometaiions  ra  b  iilerfl  418  479 
Indelible  ink  4  3 
Indeslructib  hty  of  matter  156 
Indian  fire,  203. 
Ink,  553. 

indelible,  453. 
Intensity  flames,  346, 
lodio  acid.  130 
Iodide  of  arsenic.  S63. 
lead,  499. 
lUtrogen.  131, 
pOtasHUin,  425. 
silver,  463. 
sodiom,  394. 
Iodides  of  phosphorus,  240, 
Iodine,  eit^ction  ol',  I2i. 

manufacture  of,  132, 
oca  of,  123, 
prop,  of,  124, 
reaotion  with  starch,  126. 
testing  for,  126. 
uses  o^  125. 
lodohydric  acid,  prep,  of, 


jrop.  01, 
lodo-etarcb  paper,  127, 
Ii-idium,  59& 


129, 


Iron  cast  imparities  of,  539. 
varieties  of,  538. 
esfraet  on  of,  535, 
galvaized,  506. 
mordint,  555, 
oco  of  534, 
ores  —  brown,  clay,  red  hx- 

maCite,  magnetic,  spathic, 

spe  -ular,  534, 
puddling  of,  539. 


Kaolin  '"19 

lv--lp  124 

Iver  IPS  mineral.  279. 

lundlinf,  temperal,  re,  357, 

Lakes  516 
Lampblack  295. 

manufacture  of,  293, 
Lamp  flames  are  gas-fiames,  347. 
Lamps  for  laboratory  use,  yi-viii. 
Lanfhamim  561. 
1/  ui,li  ne  taa,  57. 
LaToisier,  ms  analysis  of  air,  9. 
Lead,  action  of  aeida  on,  491, 
water  on,  492. 
classed  with  the  calcium  group, 

600. 
oijstallization  of,  491, 
extraction  of.  400, 
forms  basic  salts,  496. 
metallic,  prop,  of,  490. 
testing  for,  497. 
tree,  507. 

nee  of,  for  water-pipes  and  cis- 
terns, 493. 
Leblane's  process,  307. 

wastefi  ilness  of.400. 
Liglit,  action  of,  on  silver  salts.  458. 
bichromate  of  po- 

Light  carburetled  hydrogen,  313. 
Lime,  air-slated,  471, 

the  cheapest  base,  476. 

heat  evolved  in  slaking,  472. 

milk  or  cream  of,  472. 
2ir 
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r,  476. 
limealone,  4b7. 
Litharge,  494. 
Lithium-0ame,  444. 

ooe.  of,  443. 

resembles  Eodiuii 

Litmus-paper,  53. 

dnotura,  prep,  of, 
■r  of  sulphur,  42?.. 


Lnai 


T  of  flan 

'  lames,  fori 

,ic,  453. 


MiSNEsiA  alba,  504. 

crucibles,  503. 
hydraulic,  502 
Magnesite,  5015. 
M^esium  Ught,  501. 

the  metal,  p  op  of  501 
000.  of,  501. 
Balts,fromni  th      1  qu 
of  salt- wo  k      93 
Mangaiiaie  of  potassium     SI 
MaoganateB,  531. 
Uanganese,  occ  of.  527. 
Manganese-alum,  529. 
Manganio  acid,  531. 
Marsh-gtis,  313.    ' 

analjsiB  of,  316. 
prep.  of.  314. 
two  vols,  yield  fonr  vols, 
of  hydrogen,  315. 
Hair's  test  for  arsenic,  259. 
Matches,  211, 219. 
Matter,  indest.ructibilifrr  of,  356. 
Measuring-glasses,  xiii. 
Jferonrio  chloride,  574. 

an  antiseptic,  575. 
forms  double  chlo- 
rine salts.  575. 
iodide,  changes  of  color  of, 


572. 
HercnrouB  chloride.  573, 

oiide,  571. 
Merauy,  alloys  of,  576, 

detootion  of,  577. 
eitraofion  of,  570. 
pneumalJo  (rough,  x< 


Mercury  tendency  fo  form   double 
compounds,  573. 

unit  volume  weight  half  its 
atomic  weight,  570. 

use^  of,  571. 
Metal  meaning  of  the  term,  451. 
Metanfimoniates,  275. 
MelaT  timon  o  acid,  274. 
MeUi  hoephale  of  silrer,  407. 

sodium,  407. 
Meta,ph08phono  acid,  233. 
Mfitaitanme  acid,  531. 
Mpetrcjron  534. 
Metre,  definition  of,  ssiffi. 
Metrical  system  of  weights  and  mea- 

MiBi,  375. 

Microcosmic  salt,  407. 
Mmun  496 
M  h      burette    xi 


M  I    ol    d 
M  lybdat 
M  lybd    ui 


Mosaic  gold,  582. 

Miiltiple  proportions,  law  of,  66 

Muriatic  acid,  40,  91. 

mB,nu&cture  of,  9 

Nascent  state,  80. 
Neutralization,  54. 
Nickel,  556. 
Nitrate  of  ammonium,  441. 


pofasBium,  o^^c.  of,  429. 
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Nitre-papar.  354, 432. 
HitrioBcid,  aualjsis  of,  63. 

anhydrous,  69, 70. 

prep,  of,  460, 
combining  weight  of,  73. 
monohydrated,  70. 
prep,  of.  52. 
sources  of,  51. 
uses  of,  7  L. 
Hitrio  oiide,  analysis  of,  60. 
prep,  of,  58. 

it  for  free  oiygen. 


&9,eo. 
Nitride  of  boron.  371. 
Nitjogeii, .-.-  — 


.ofoir,  10. 


18. 


the  oxygen  i 


obtained  from  air,  16. 
pliyeioal  prop,  of,  17. 
prep,  by  copper,  16. 

phosphorus,  17. 
widely  diffused,  18, 
Hitcous  aoid,  63. 

oside,  comp.  of,  55,  56. 

physical  prop,  of,  57. 
prep.  of.  64. 
Bupporta  combustion, 

Nomenolaturo,  prefixes  derived  from 
Greek  and  latin  nu- 
merals, 174. 
the  prefii  hi/po-,  61. 


174. 
the  t«rminstions  c 


Nordhausen  acid,  192. 


Oil  of  vitriol,  manufaeture  of,  184- 

186. 
Organic  analysis,  566. 

diemislry,  defined,  312. 
Orpiment,  263. 
Osmiutu,  596. 

Oiidation  by  platinum-black,  595. 
Glide  of  aluminum,  514. 
eideium,  470. 


K,  liii 

Oxide  of  zinc,  508. 

Oxides,  definition  of,  14. 
of  antimony,  272. 

teroiide,  272. 

gDadroiide,273, 

quinquLoxide, 


274. 


arsenic,  245. 
biemuth,  282. 

(eroxide,  283. 

qniiiqinoiide. 
2! 
ohlorine,  series  of,  116. 
chromium,  522. 
cobalt,  557. 

lead,'  492. 
miinganeso.  527. 

Biolybienum,  586. 

nitrogen,  series  of,  65. 
pltttiuum,  59a. 


Osidiiing  agents,  defined,  71. 
Osycliloride  of  bismutJi,  284. 
Osygen,  abundance  and  importanoe 
of,  15, 
burning  charcoal  in,  13. 
iron  in,  13. 
phospliorus  in,  18. 
sulphur  in,  13. 
bums  in  hydrogen,  50. 
ft  constituent  of  air,  9. 
explosive  mixture  willi  hy- 
drogen, 48, 49. 
physical  properties  of,  18. 
precautious  m  mijdng,  11. 
prepared  from  bichromate  of 
potassium, 
525 


b!eaching-pow- 

der  4S4 
chlorate  of  po- 


Coog  Ic 


Oijhjarogen  blowpipe,  46. 

Phosph 

ario  acid,  anhydrous,  afSnity 

Ozone.  139. 

of,  for  water,  232. 

atmospheric,  145. 

hydrates  of,  232. 

stj-engtb  of,  23a. 

ti^rbasif,  234. 

inauenee  on  health,  146. 

Phosph 

orous  acid,  228. 

prep,  by  eJeotrieitT,  141. 

hjflrated,220,231. 

ether,  142, 

Phosph 

orus,  allotropism  of,  210. 

purmflDganfltB  of  po- 

bui-nt under  water,  436. 

tassium,  142. 

combmatinns  of,  319, 

phosphorus,  140. 

common,  212. 

prop  of,  14.S. 

oonip.irisijn  of  red  with 

reser.  hies  chlorine,  143. 

tcet-ljr,  143,144. 

compounrli  with  hyaro- 

OJOnid  -  147. 

gen,  -j:'«. 
inflanimubilityof,  2ia 

PALLAn  M  -iOS. 

loanufHctui'e  of,  214. 

Paraffine  bath.  nri. 

occ.  of,  309. 

Parchment  paper,  255. 

oxides  of  226. 

Pearlaeh  41  ■> 

poisonous,  214. 

Pearl  white  .84. 

red,  210. 

Penhlonc  aeid,  US. 

converted  into  com- 

Ptanodieacid  131. 

iriou.  21f.. 

crystalli^l.  217. 

adisinfeolanl^ 

Oiidc  of,  226. 

533. 

prep,  of,  218. 
used      on     safeta-- 

Pennanginatea,  533. 

Pernanga    0  acid,  533. 

matches.  218. 

Peroiide  of  barium,  prep,  of,  437. 

ehines  in  the  dark,  212. 

hjdrogen,  prep,  of,  152. 
lead  absorbs  sulphurous 

solutions  of,  213. 

imit-Tolume  weight  of, 

acid,  4913. 

224. 

AU  ofidizinff  agent, 

Phosphnrettfld  hjdrogen,  analysis  of, 

prep,  of,  495. 

com  p.  of,  224. 

Permlphide  of  hydrogen,  173. 

liquid,  225. 

Petrifaetions,  calcareous,  468. 

prep,  of,  220. 

siliceous,  378. 

from 

Pewter,  585. 

phosphide 

of  calcium, 

□ium,  504. 

221, 

silver,  40G. 

solid,  226. 

eodium,  ajamoniom.and 

Photography,  45fi-460. 

hjdrogen,  407. 

on  glass,  457. 

Phosphates  of  calciuia,  481. 

paper,  459l 

«odiimi.405. 

Photol 

thography,  52G. 

rhombic,  405. 

Phjsia 

1  changes,  1. 

pjro-,  406. 

Pinccp 

meta-,  407. 

Pinks 

It,  684. 

TarieHes  of,  234. 

Pipettes,  mi. 

Phosphide  of  caloium,  321. 

Plants 

and  animals,  reciprocal  ac- 

Phosphoi-escetice,  212. 

tion 

of,  320. 

Phosphoric  add,  anhjdrooe,  231. 

Plasterof  Paris,  477. 
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PlBfiter-C8Bf8,  477. 
Plostering,  eomp.  of,  475. 

dnmpneEs  of,  475. 
Platinized  asbestos,  193. 
Plafiniim,  alloys  of,  592. 

black,  595. 

clean' ng,  ssii. 

foil  and  wire,  ui. 

induces  combinntioD,  16% 
1S3,  30(1,  593,  595. 

melting  of,  353. 

melals,  596. 

000.  of,  591. 

prop,  of,  592. 

eponge,  »rep.  of,  694. 

nses  of,  o03. 

Teasels,     precautiona     in 
using.  592. 

working,  one  meliiod  ot, 


Potaeh,  obtained  from  ashes  of  plants, 

415. 
PotaBsimn-flame,  423. 

metallic,  423. 
ooe.  of,  414. 
BBlta,  lest  for,  594. 
.  Product-yolunie,  defined,  207. 
Protoobloride  of  copper,  507- 
tiii,5S3. 

a  wdnoiiif;  a- 
genf,  5'^ 
Protoiide  of  obromiwm,  salts  ol,  j23 
copper,  JOu. 
lead,  494. 
manganese,  523. 
tin,  680. 
Pnuaian  bine,  555,  556. 
Prnssio  acid,  363. 
Puddled  steel.  541. 
Puddling  iron,  process  of,  539. 
Pulverizing,  tctv. 
Pyrites,  549, 562. 
Pyritous  ahaleB,  use  of.  550. 
PyroUgneoua  acid,  298. 
Pjrophoms,  uf  carbon  and  lead  492 
IVrophoapbate  of  ailTer.  406. 

sodium,  406. 
Pjrophosplioric  add,  233. 


QuASTiTY  flame,  S45. 
Quantivalence,  465. 
Q,iai1alion.  590. 
Quartz,  375. 
Quicfclime,  470. 

manufacture  of,  471. 
Quicksilver,  570. 

Quinquicbloride  of  antimony,  376. 
phosphorus,  2;^. 
djssocia- 


Kahicais,  eomponnd,  363. 
Ealional  fomlula^,  87,  89. 
Rtalgiir,  263. 
Eed  lead,  manufacture  and  u 


charcoal,   300, 

-^21. 

Kefriirerating  mixture — ice  and  siilt, 

180. 

nitric  oiide 

and  bisulphide  of  carbon,  ,^7. 

saltpetre.  432. 

sulphate  of  aodiain 

and  chlorhydric  acid,  35)6. 


Kuins 


it  for  p 


Replau.ment,  41.  404,  508. 
liespiration,  329. 
Ketorli  iron,  xrri, 
use  of,  34. 
Ketorti  !\viii. 

Ep  vivification  o  f  animal  charcoal,309. 
Bhodium  596. 
Rochelle-pondcrs,  399. 
Botk  (rvhtal,  376. 
EougB  jewellers',  543. 
Eubidium,  446. 
Rnby  514. 

Bust  of  tm ,  iron,  mercury,  Ac.  con- 
tains something  derived  from  the 


BuitE 


5,14. 
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SAFKtr-lamrB,  359. 

-matches,  218. 
Saline  taste,  nnd  substance,  31 
Salt,  decrepiiatjon  of,  393. 


manuFacturctl  fi'om  nitrate 

ofBodium, -liiO. 
cot  ciplosivc,  431. 


i,37. 


200. 


Sapphire,  514. 

Saturated  solutii      ,    . 

Scliwejnfurt  green,  570. 

Screw  compreaaor,  nv. 

SelenLydrio  aeid,  201. 

Selenites  and  eeleniates  isomorphoi 

with  sulphites  and  sulp' 
Selenium,  ooo  of.  198. 

prop,  of,  199. 

Bources  of,  199. 
Serpentine,  5(j3. 
Sesquicarbonale  . 
Seaquioiide,  the  term,  513. 
of  diromiuin. 


alkaline,  soluble,  380. 
classes  of,  380. 
decomposition 


OfftluTi 


a,  519. 


._   I,- 555. 

sodium,  Disking  of,  410. 
Siliceous  petrifactions,  377. 
Slllolo  acid,  composition  of,  S82. 

double  salts  of,  3S0. 

in  natural  waters,  377. 

isomeric     modifications 
of,  376. 


Siliciuretfed  hydrogen,  374. 
Silicon,  abundance  of,  373. 

ejlotropio  condition.'*  of,  372. 
atomic  weight  of,  383,  385. 
compound    with    lijdrogen 

and  chlorine,  ^'86. 
prep,  of  the  three  modifica- 
tions of,  373. 
prop,  of,  373,  374. 
SUver,  atomic  weight,  of,  461. 
coin,  453. 
eilraction  of,  449. 
mclled,  aljsorbs  oiygen,  452. 
oco.  of,  448. 
preoipitntion  of,  454. 
quantitatise  detei-miuation  o!, 

460. 
separation  from  lead  bj  orjs- 

tallization,  491. 
fieparation  from  lead  bj  cupel- 

lation.  494. 
solvents  for,  4.53. 
Silvering  of  mirrors,  577. 
Slag,  finery,  551. 


ofir 


ifum 


Smalt,  557. 
Soap,  hard,  405. 
soft,  417. 
Soda-ash,  manufacture  of,  394, 397. 
-^rystalp,  .'i97. 
grocers',  398. 
-powders,  399. 

Sodium-am  alg;ira,  94. 
.flame.  -10:!, 

oei^,  of.  3:il. 

pi-cp.  of,  400. 

urjp.  of,  401. 
Solder.  5S5. 
Soldering,  use  of  chloride  of  zino  in. 


■,  5(J9. 


definei  36,  37. ' 

heat  either  absorbed  or  set 

free  during,  395. 
how  to  apply  the  solvent, 

37,  504. 
of  gases  in  Water,  67. 
Bpatiilio,  xssv. 
Specific  gravity,  deflnilion  of,  2a 
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Speoiflo  heat,  aeflnition  of,  20. 

heats,  -value  of,  602. 
Spectrum-analysia,  444. 
Spongj  platinum,  594. 
Spontaneous  combustion,  229. 

of  coal,  5S0. 
Spring  clip,  isv. 
SulactitflB,  468. 
Stalngmitea.  466. 
Stannate  of  sodium,  prep,  of,  582. 
Stannates,  581. 
Stannic  acid,  531. 
Starcli-pasla,  prep,  of,  126. 
Steam,  plijeioal  prop,  of,  21. 
super  lieatod,  21. 
Tolumetric  camp,  of,  29. 
Steel,  Bessemer,  541. 

blistered,  540. 

cast,  541. 

puddled,  541. 

temporing,  542. 
Stereoljpe-niefa],  2G3, 
Stone,  artificial,  410. 
Stove- polish,  290. 
Straw  rings,  isriii. 


Snboiide  of  lead,  493. 
Substitution,  defined.  41. 
Sugar,  parifieation  of,  308. 
Sugar  of  lead,  499. 
Sulphantimouiates,  280. 
Sulphantimonic  acid.  230. 
Sulphautimonites,  279,  279. 
SuIpharseuialAs,  205. 
Sulpharaeml«s,  264. 
Sulphate  of  ttlun  " 


bariui 


,487. 


lead,  499. 

magjipsiu 

n,  503. 

428. 

and     iiyir 

gen,  42^ 

reduction  of,  509. 

m,  551-554. 
ereurj,  576. 
nic,  precipitation  o^ 


Sulphides  of  ammonium,  442, 
antimonj,  277. 

tersulphide, 

277. 
qiiinquiaul- 

areemo,  bisulphide,' 263^ 

T|U^P 

quinquiaul- 
pliido,  265. 
calcium,  173. 
copper,  5()7."« 
iron,  547." 
lead,  497. 
mercury.  573. 
phospliorus,  241. 
potassium,  427. 

tin,  682. 
Sulnhites.  183. 

irismafic  into 
.  IfiO. 
crjstallization  of,  156. 157. 
dimorphous,  151*. 
eitraotion  of,  155. 
a  kindling  material,  165. 
melting  of.  156. 
met^Ls  bum  iu,  164. 
milk  of,  163, 
oce.  of,  154. 
salts,  264. 

compared  with  oij- 
gen  salts,  265. 
snft,  162. 
solutions  of,  HiS. 
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'"Si."' 

freezing  by,  189. 
fuming,  191. 
how  to  distil,  187. 
how  to  uitt  with  wa- 
ter, 188. 
hjdratea  of,  189. 


186. 


=,  181. 


blcacljes. 
oomp.  of,  176. 
liquid,  ISO. 
oxidation  of,  182. 
prep,  of,  176,  177, 
11-8. 


179. 
Sulphjdrate  of  calcium,  486. 
Sulphjdvio  acid,  165. 

itnaljsia  of,  ]  63. 

eomp.  of,  169. 

decomposition    < 


169. 
poisonous,  169. 
prep,  of,  166. 
prop,  of,  167. 
pure,  166. 
as  n  reagSnt,  171. 
Bolution  in  water, 

170. 
Bupersatarated  solution,  3!i6. 

SjmboUc  iormula!,  rnlue  of,  90. 


Sjmljols,  ohemical,  41. 
Synthesis,  definilinn  of,  3. 
Sj-atumsof  crjstiil.ization,  158, 

Table  of  atomic  teste  of  compounds, 
(JOl. 
gaseous  ele- 
meiitB,  61)0. 
■olid     ele- 
ments. 599. 
atomic  weights  and  ejm- 
btilsoftlie  elements,  597, 
for  conrei'aion  of  centigrade 
into    Falirenhelt    degrees, 

for  conversion  of  French  info 
English  measures  and 
weight.?,  ilii. 

of  groups  of  the  elemenis,  508. 
Tables  of  nietrioal  weights  and  mea- 

Tantalum,  QSS' 

Tar,  pvodnct  of  the  distillation  of 

wood,  298. 
Tartar,  423. 
Tartar-emetic,  273. 
Tartrate  of  lead,  493. 
Tellurium,  compounds  of,  202. 
occ.  of,  201. 
prop,  of,  202. 
Terbium,  B'^' 


liide  oJ 


V,  'ill. 


Tcrchloride  of  antimony,  275. 

bismiilb,  283. 

phosphoras,  236. 
Teriodide  of  antimony,  277. 
Terminations  ous  and  ie,  558. 
Teroiide  of  antimony,  272. 

both  an  ; 


MEmnlh,  282. 

a  bB.se,  283. 
Tersnlphideofnntimfiiiy,  277-280. 

bismuth,  284 
Test-glasses,  Jiiii. 
Test-tubes,  ixviji. 
Thallium,  447. 
Thermometers,  xssy. 
Thermometer-seales.  centigrade  and 

Fahrenheit,  compared,  imiK-jJi. 
Thionio  acids,  175. 
Thorium,  561. 
Tin,  alloys  of,  585. 
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TiD,  crystallizatioii  of,  578. 

Bitraetion  of,  578. 

occ  of,  678. 

prop,  and  us? b  of,  57S. 
Tin-salt,  683. 
Tin-atone,  578. 
Titanic  acid,  577. 
Titanium,  ooc,  of.  577. 

Tongs,  mir. 

Tubing,  fdzea  and  qunlitiea  i 
Tungitato  of  Bodiiun,  587- 
Tungetotes,  686. 
Tungsten,  .586. 

Bleel,  566. 
Tungsac  acid,  586, 
Type-metal,  268. 
Types — ehlorhydrio  acid,  Vft 


TJnit  of  heat,  45. 
Onit-voiume  not  absolute.  204. 

the  bulk  of  1  grm.  of 

lijdrogen,  204. 
a  Etre,  205. 
weights,  205. 
UniTalent  metals,  73. 
Cranium,  558. 

salts,  pecaliari^  of,  659. 

VkSADWH,  586. 

Vegetable  parehniBnt,  255. 

Vcntaation  of  weUs,  324. 

Verdigris,  669. 

Vermilion,  573. 

Volume,  combination  by,  S03. 

Wabh-kottlk,  rail. 
Water,  analyzed  by  iron,  23, 

Bodium,  22. 

blue  color  of,  19, 

densest  at  4",  19. 

dissolves  air,  35. 

what  it  diflsolves  from  air  68. 


EX.  lia 

Water,  distillation  of,  33. 
electtolyais  of.  23. 
hardnese  ot,  468,  480, 
method  of  dctermlimig  hard- 
ness of,  480. 
oce.  oi;  33. 
remoTuI  ot  gasea  from,  35. 

Btajidard  of  speeific  grayity, 
20. 
heat,  20. 
symbol  of,  32. 
syntliPBiH  of,  25-29. 
volumetric  comp.  of,  29, 
Walar-bath,  ixv. 


'eights    and   measures,    metrioal. 

Weight.?,  table  o^  mriii. 
White  iron,  538. 

lead,  500. 

vitriol,  ,509. 
ile-wash,  474. 

Witherite,  488. 

Wolfram,  586. 

Wood,  disUIIation  of,  296. 

Woulfe-bottlcB,  85. 

Wrought  iron,  539. 

inipuritiee  of  540 
making  of,  539. 


Yttril 


1,  561. 


ZiKC,  alloys  with  antimony,  26ft, 
eitj'aetion  of,  501. 
granulated,  505. 
prop,  of,  505. 
replaces  lead,  507. 


Zirconiuj 


white,  508. 


,561. 


sd  by  Google 


OEDER-LIST  OF  CHEMICALS. 

The  quantities  here  given  are  the  quaatities  which  one  person  will 
use  ia  performing  the  nuinbered  experiments  of  the  manual  according 
to  the  directions.  In  ordering  chemicals  for  a  class  of  several  students, 
a  small  reduction  should  he  made  upon  the  multiplied  quantities.  Leas 
than  twenty  times  the  assigned  quantities  will  suffice  for  twenty 
Etudents.  Teachers  may  get  some  idea  of  the  cost  of  those  cliemicals 
by  referring  to  the  price-lists  of  the  "  Druggists'  Circular,"  published 
moulhly  at  36  Beekman  St.,  New  York,  price  13  cents. 

Chlorhydric  (muriatic)  acid  1^  lbs. 
Cobalt,  nitrate  of  .  .  8  grains 
Cochineal  ....  15  gr^ns 
Copper  Slings  ....  2  oz. 
Copper,  oxide  of.  .  .30  grains 
Copper,  sulphate  of  .  .  ^  oz. 
Dutch  metal     .     .    several  leaves 

Ether a  few  drops 

Fluor-spar .^  oz. 

Gold-leaf 1  aq.  inch 

Graphite .^  oz. 

Gum  arable |  oz. 

Gum  guaiacum  .  .  .  15  grains 
Iodine 10  grains 

Iron,  red  oxide  of. 
Iron, sulphate  of 
Iron,  sulphide  of    . 
Iron  wire  (fine  piano 
Lead,  acetate  of  . 
Lead,  peroxide  of   . 
Lithai^e      .... 
Litmus      .... 
Logwood,  extract  of 
Magnesium  wire    .     .        4  inches 
;,  black  oxide  of  1^  oz. 


Alum 

.     .      ioz. 

Ammonia-ivater  (Aqu 

Am- 

Ammonium,  chloride  of   ,  .     2  oz. 

Antimony,   chloride   of,   a 

strong  solution  of  . 

.     .     ioz. 

Antimony,  metallic 

.       ioz. 

Antimony,     tartrate 

of 

ar 

40  grains 

Arsenious  acid     .     . 

.     .     ioz. 

Asbestos  .     .     .     a  few  fragments 

Barium,  chloride  of . 

.     8  grains 

Bismuth     .... 

10  grains 

Bleaching  powiJer     . 

.  .  Jib. 

Bone-black    .    .    . 

Borax 

.       .      JOi 

Bromine   .... 

■    A"- 

Calcium,  chloride  of 

.      .    11  0^. 

Calcium,  sulphate  of  (Plas- 

ter  of  Paris)  .    . 

.  ilb. 

Carbon,  bisulphide  of 

.    .lie. 

Caustic  potash  (solid) 

.      Jo., 

Caustic  soda  ("  eoncer 

trated 

iy«") 

.     .     Jo.. 

.     .    ^oz. 
.       ^oz. 

fire)  1  foot 
.  .  I  oz. 
15  grains 

15  grains 


ijo.Cooglc 
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Manganese,  sulphate  of  15  grains 
Mercnry,  chloride  of  (r- 

roaive  sublimate)    . 
Mercury,  metallic   . 
Mer  ury  rtd  o\'  le  of 


1  grains 

1 


Oxal    ac 


i< 
i'- 
St  ck  S^  n  hes  lon^ 


chlorate  ot 
,  joiiide  ot  . 
1,  yellow  pru! 


Potasi 
Salt 

Saltpetre 

Silver,  nitrate  of  .     .     .  3i 
Sodiutn,  4  pieces  of  the  si: 


F   CBEUICAL8.  Ixi 

Sodium,  acetate  of    .      SO  grains 
Sodium,  carbonate  of  (an- 

hrdrou.)     .     .       J  01 
Sodium,  carbonate  of  (Sal 

Soda)     .     .     . 
Sodium,  hyposulphite  of     . 
Sodium,  phosphate  of 
Sodium,  sulphate  of  .    . 

Starch  

Strondum,  nitrate  of  ■     •   S 
Sulphur,  flowers  of      .     . 
Sulphur,  roll  brimstone  . 
Sulphur 


ilb. 
io. 


ilb. 


Tartaric  acid    .     . 

Tinfoil      .... 

Ti-a,  granulated    . 

Turmeric  paper,  2  o; 

Turpentine,  oil  of   , 

Ziuc,  granulated  . 

Zinc,  solid  metal  or  scraps       ^  Ih. 

Zinc,  sulphate  of    .     .     16  grains. 


15  grains 

'.■       JOi 

3  square  it 
.    .     Jo: 


ORDER-LIST  OF  UTENSILS. 
The  following  list  includes  the  utensils  which  one  person  will  need 
in  performing  all  the  numbered  experiments  in  this  manual.  The 
principal  articles  of  steady  consumption  are  glass  tubing,  retorts,  flasks, 
corks,  and  filter-paper.  Many  of  the  other  articles,  once  obtained,  last 
a  Ion"  lime.  It  is  evidently  not  necessary  to  provide  all  this  apparatus 
for  every  member  of  a  large  class.  Six  retorts,  as  many  gallon  hot 
ties,  six  Woulfe-bottles,  four  soda-water  bottles,  two  measuring-glasses, 
two  mortars,  two  pipettes,  four  wire-gauze  lamps,  one  blastlamp  and 
bellows,  one  blowpipe  jet,  three  or  four  pieces  of  platinum  foil,  two 
thermometers,  one  burette,  one  pair  of  scales,  and  one  set  of  weights, 
Ifill  suffice,  if  used  with  method,  for  a  class  of  twenty  or  thirty.  The 
wholesale  druggists  keep  suitable  cheap  bottles  and  porcelain  ware 
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Ixii  OKDER-LIST    OF    UTEN911.9. 

Many  of  the  articles  may  be  made  by  a  tinman  or  gas-fitter.  For  the 
rest,  teachers  may  consult  the  priced  catalogues  of  the  dealers  in  philo- 
sophical apparatus  and  chemical  ware. 

[All  these  bottles  should  be  of  a 
very  common  quality.     The  glass 
should  be  tolerably  white.] 
Funnels  — 

1  three  inches  in  diameter. 


3  Woulfe-bottles  of    about  8  c 

capacity. 
Glass  flasks  — 

I  flat-bottomed  of  Ij   pint  e 

1  flat-bottomed  of  4  oz,  capa 


1  tube  about  1  foot  long  and   1^ 

inches  in  inside  diameter. 
1  tube  about  1  foot  long  and  1  inch 

in  inside  diameter. 
1  tube  about  3  feet  long  and  1  inch 

in  inside  diameter. 

[If  ignition-tubes  can  be  bought 
ready-made,    a     dozen     may    be 
bought  instead  of  1  stick  of  No.  I 
and  I  stick  of  No.  2.] 
Retorts  — 

1   of   12  oz.    capacity   without 
Cubulature. 

1  of  6  oa.  capacity,  with  glass 
stopper. 
1  receiver  of  12  oz.  capacity,  with 

tubulature. 
Phials  and  bottles  — 

1  glass-stoppered,  4  oz. 

2  narrow-mouthed,  gallon. 
1  wide-mouthed,  J  gallon. 


ity. 
I   flat-bottdmed  of  2 


ity. 


cheap  round-botUimed  flaska 
such  as  olive  oil   used  to  be 
imported  in. 
1  thistle-tuhe. 

1  Mohr's  burette. 

2  soda-water  bottles,  stout. 

2  wine-glasaee. 

1  Lhloude  ol  cakmm  tube. 

1  graduated    mpasuiine glass    of 

250  c   e  capantv 
1  pipttte 
1  nest   of  beakeii,  of   which  (ha 

largest  is  ol  about  500  c.  c.  ca- 

picit) 

3  bits   of   window  gl 


I   inches 


square 

Fort  L  lain  dishes  — 
1  about  2J  inches  in 
1  about  Si  inches  m 

1  small  iron  mortar. 
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1  Wedgewood    mortar     about    4 

inclies  in  diametBr. 
1  Butiaeo  gas-lamp  (or  spirit-lamp 

where  gaa  is  not  to  bo  had). 
1  iron  ring-stand. 
1  piece  of  iron  wire-gauze  about 

4  inches  square. 

1  piece  of  fine  copper  gauze  about 
2^  inches  square. 

2  wire-gauze   lampa     (App.,  Fig. 

vni.). 

1  piece  of  thin  iron  gas-pipe  about 
15  inches  long  and  J  inch  in  di- 

1  iron  sand-bath  4^  inches  in  di- 

1  aheet-iron  trough  8  inches  long 

and  1^  wide. 
I  glass- blower's  lamp  or  Bunsen'a 

gas  bla^-lamp. 
1  small  double-acting  bellows, 
1  mouth-blowpipe. 
1  triangular  file. 
1  round  file. 

1  pair  of  jewellers'  tweezers. 
1  jet  for  osybydrogen    blowpipe, 

p.  46. 
1  piece  of  pladnum-foil  1^  inches 

square. 
1  piece  of  finest  platinum  wire  1 

inches  long. 
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1  piece  of  platinum  wire  8  inchea 
long  and  not  thicker  than  the 
wire  of  a  very  small  pin. 

I  stone-ware  milk-pan. 

1  flower-pot  saucer. 

1  Hessian  crucible  of  about  8  oz. 
capacity. 

2  common  plates,  of  which  one  a 
soup-plate. 

2  spring-clips  or  spring  clothes-pins. 

1  thermometer  (glass). 

1  pair  of  small  scales  (-'Tea"- 
Hcales  for  grocers'  use). 

I  set  of  gramme  weights,  1  grm 
to  250  grms. 

Corks  —  an  assortment  of  three  oi 
four  sizes,  small  for  ignition 
tubes,  medium  for  flasks,  and 
large  for  the  8  oz.  and  4  oz. 
wide-mouthed  bottles. 

Caoutchouc  tubing  — 

2  feet  of  ^  inch. 

3  feet  of  ^  inch. 

2  feet  to  fit  glass  tubing  No.  S< 

1  footfofitNo,  7. 
1  pair  of  wooden  nippers. 
^  quiro  of  common  filter-paper. 
\  sheet  of  parchment  paper. 
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